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Brook, Edward J., Geology
Particle Size and Chemical Control of Metals in Clark Fork River 
Bed Sediment (126 pp.)
Director: Johnnie N. Moore
Concentrations of As, Cd, Cu, Mn, Pb, and Zn in fine-grained bed 
sediment collected in the first 200 km of the Clark Fork River are 
enriched one to two orders of magnitude over background. Base and 
precious metal mining in the river's headwaters since the later 
1800's are the original source of this contamination. Fe and Ni 
are not enriched relative to background.
Concentrations of Cd, Cu, Mn, and Zn decrease slightly 
downstream within the study area, however, a large amount of 
variability is superimposed on this general trend. In contrast,
Fe and Ni concentrations show no significant spatial trends.
Total concentrations of Cu, Fe, Mn, and Zn correlate relatively 
weakly with the percentage of < 63 urn material (r = 0.66-0.83), 
and total Mn concentrations show no significant correlation (r = 
0.18). Particle size, however, at least partially controls 
downstream trends in metal concentrations of bulk samples. 
Normalization of bulk concentrations to the percentage of < 63 um 
material does not appear to effectively reduce these particle-size 
effects. The wide ranges of metal concentrations and low 
percentages of fine material in these samples explain both 
relatively weak correlation coefficients between bulk metal 
concentrations and percent < 63 um, and the ineffectiveness of 
particle size normalization. In finer grained sediments with more 
homogenous distributions of metal concentrations, these techniques 
should give better results.
Examination of the relationship between chemical spéciation and 
particle size in six samples collected from the river bed shows 
that the enriched metals As, Cd, Cu, Mn, Pb, and Zn, are present 
predominantly in operationally defined "reducible" and 
"oxidizable" phases, with relatively small concentrations in 
"residual" phases. Fe and Ni concentrations, on the other hand, 
have large contributions from residual phases. Concentrations of 
all metals and arsenic in these sediments generally increase with 
decreasing particle size, with the greatest contribution to this 
Increase from the "reducible" chemical phase. Anomalous high 
concentrations of metals in the > 300 um fractions of some of 
these samples are due to enrichment of these size fractions in 
both Fe-Mn oxide compounds and organic material.
ii
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PREFACE
This thesis consists of the contents of two papers written for journal 
publication. The first of these, "Distribution and particle-size 
control of metals in bed sediment from the Clark Fork River, Montana, 
USA," makes up Chapter I. The second, "Chemical and particle-size 
control of As, Cd, Cu, Fe, Mn, Ni, Pb, and Zn in bed sediment from the 
Clark Fork River, Montana, USA," makes up Chapter II. As a result of 
this format, some duplication of information is inevitable. All data 
collected during the study are compiled in Appendices I, II, and III. 
Appendix I contains data for samples collected in 1986, Appendix II 
contains data for samples collected in 1987, and Appendix III contains 
quality control data and information. For the most part, samples 
collected in 1986 are described in Chapter I, and samples collected in 
1987 are described in Chapter II, although size-fractionated samples 
collected in 1986 are discussed solely in Chapter II. References are 
compiled separately, at the end of each chapter.
ill
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CHAPTER I. DISTRIBUTION AND PARTICLE-SIZE CONTROL OF METALS IN BED
SEDIMENT FROM THE 
CLARK FORK RIVER, MONTANA, USA
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
INTRODUCTION
The effects of particle size on metal concentrations of sediments are 
well documented. In a variety of environments and sediment types metal 
concentrations increase as particle size decreases (deGroot, 1982; 
Forstner and Salomons, 1980; Ackermann, 1980; Jenne et al., 1980; Gibbs, 
1977). This effect is normally attributed to the greater surface area 
per unit volume of smaller particles, and greater concentrations of 
metal scavenging phases in fine fractions. In some cases, relatively 
elevated concentrations in coarse fractions also occur. These anomalous 
concentrations have been attributed to the following factors: 1) the 
presence of detrital heavy minerals in coarse fractions (Forstner,
1982), 2) concentrations of iron and manganese oxide compounds in coarse 
fractions (Tessier et al., 1982; Whitney, 1975), 3) coarse waste 
products (Thorne and Nickless, 1981), and 4) incomplete particle size 
separation (Bradley, 1982). A number of methods of minimizing particle- 
size effects have been suggested (Salomons and Forstner, 1984). Perhaps 
the most common of these suggestions are analysis of metal 
concentrations of a specific size fraction, or correction of bulk 
concentrations based on separate particle-size analyses. In this paper 
we report the distribution of cadmium, copper, iron, manganese, nickel, 
and zinc in bed sediment of the upper Clark Fork River in western 
Montana (USA), and compare the two methods of reducing particle-size 
effects.
The Clark Fork River is a high gradient, coarse-grained river draining 
a mountainous area of western Montana. The river begins immediately
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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downstream of the Butte-Anaconda mining district, an area of large-scale 
base and precious metal mining of a large sulfide ore body in the 
Boulder Batholith (Meyer, 1968) (Fig. 1). From 1864-1972 this district 
produced large amounts of copper, zinc, manganese, lead, silver, gold, 
cadmium, and a number of other elements (Miller, 1973). After 1884 
these ores were milled and smelted locally. Wastes from ore processing 
were transported directly into the Clark Fork River until settling ponds 
were constructed on lower Silver Bow Creek in 1959 (Fig. 1). Much of 
this metal-rich material is now incorporated in river floodplain and 
reservoir sediments throughout the drainage (Moore et al., in press; 
Johns and Moore, 1985).
This study focuses on the approximately 200 kilometers of the Clark 
Fork River between settling ponds at Warm Springs, Montana and the town 
of Missoula, Montana (Fig. 1). In this area the Clark Fork has four 
major tributaries (Little Blackfoot River, Flint Creek, Rock Creek, and 
the Blackfoot River) and the river gradient is approximately 2.5 m/km. 
Instantaneous streamflow in 1985-86 varied from approximately 0.85-28.3 
m^/s at Deer Lodge, Montana, to 9.5-254.7 m^/s above the Milltown 
Reservoir (Lambing, 1987) (Fig. 1).
METHODS
Sample Collection
Bed sediment samples were collected in the spring and summer of 1986. 
Thirty-one samples were collected at 26 locations in the Clark Fork 
River, five samples at five locations in the Blackfoot River, five
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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samples at four locations in Flint Creek, and seven samples at five 
locations in the Little Blackfoot River (Fig. 1). River sample 
locations are identified by river kilometer, measured from the mouth of 
Warm Springs Creek. The first sample, at -1.3 km, is in Warm Springs 
Creek, the second sample, at -0.3 km, was collected below settling ponds 
on Silver Bow Creek. At each site approximately one kilogram of fine­
grained surface sediment was collected in areas of low flow velocity. 
Samples were sealed in plastic bags and transported on ice to the 
laboratory in Missoula, where they were thoroughly homogenized and 
subsamples were withdrawn for particle-size and total-raetals analysis. 
These subsamples were dried at 70° C and the remaining sample was 
frozen.
Size Separation
Twenty-six river sediment samples were thawed and sieved through a 63 
um polyester screen with 0.5 to 1 liter of deionized water. The less 
than 63 um (mud) particle slurry and the > 63 um fraction were dried at 
70° C. To test for possible metal mobilization, 30 ml of the mud slurry 
from four of the separations was filtered through a O.I um cellulose 
triacetate filter, and acidified with nitric acid (3 ml/1). The volume 
of deionized water used in the sieving procedure and the dry weight of 
the sample (determined on a separate split) were recorded. The 
filtered, acidified, water was analyzed by ICAPS (Induction Coupled 
Argon Plasma Spectrometry, see below) for cadmium, copper, iron, 
manganese, nickel, and zinc. Dissolved metals in the < 0.1 um fractions 
of the mud slurries represent five percent or less of the bulk metal
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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concentrations of each of the four samples. Precision and accuracy of 
water analyses were monitored by repeated analysis of USGS (United 
States Geological Survey) water standards T-91 and T-95. Results were 
generally within precision limits given by the U.S.G.S.
Sediments were dissolved using a microwave dissolution method modified 
from Nadkarni (1984). Samples were powdered with a Diamonite mortar and 
p,estle and approximately 0.2 g was placed in a 50 ml teflon screw-top 
reaction vessel (Savillex Corp.). Five ml of aqua regia and two ml of 
HF (Baker Instra-Analyzed acids) were added to the reaction vessel and 
it was tightly sealed. Vessels were placed, six at a time, in a 
resealable plastic bowl on a rotating carousel in a General Electric 
Model JET209D microwave oven. The oven was operated at high power for
five minutes, then vessels were removed and allowed to cool. When cool,
40 ml of 2.5 % (w/v) Boric Acid (Baker Analyzed) was added. The 
resulting solutions were allowed to stand for at least one-half hour, 
then filtered through 0.45 um cellulose triacetate filters and diluted
to 100 ml (final volume) with deionized water. Concentrations of
cadmium, copper, iron, manganese, nickel, and zinc in solution were 
determined by ICAPS (Jarrel-Ash Model 800 Atom Comp). Boric Acid is 
added during the procedure to prevent damage to the quartz-glass torch 
of the ICAPS by HF (Mahan et al., 1987). Accuracy and precision for 
this method was established through repeated analyses of U.S. National 
Bureau of Standards (NBS) reference materials 1645 and 1646 (Table 1). 
Ten duplicate digestions and analyses of river-sedlment samples gave 
values within the precision limits given for our analyses of NBS 
materials.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Size Analysis and Partlcle-Size Normalization
Percentages of sand and mud were determined on a split of dried sample 
by standard dry sieving procedures with a 63 um brass screen and 15 
minutes of shaking in a Ro-Tap sieve shaker. Precision of triplicate 
sieve analyses of five samples was within two percent. These data were 
used to correct for particle-size effects by dividing bulk-sediment 
metal concentrations by the percentage of mud in each sample. This 
procedure is essentially the same as suggested by Jenne et al. (1980) 
and is intended to normalize for the diluting effects of coarse 
material. Extrapolation of concentrations of metals to a constant 
percentage of fine material from regression lines (Ackermann, 1980; 
Salomons and Mook, 1977) was not attempted due to a lack of samples with 
high percentages of mud, and the large error expected in the slope of 
the regression line.
RESULTS AND DISCUSSION
Metal Enrichment
Distributions of bulk concentrations for Clark Fork River and 
background tributary samples are shown in Fig. 2. Flint Creek samples 
were excluded from the background tributary values because of elevated 
concentrations of copper, manganese, and zinc (Table 2). This 
enrichment is probably a result of both mineralization and small mining 
operations in this drainage (Calkins and Emmons, 1915). Mean 
concentrations of cadmium, copper, manganese, and zinc in main-stern 
samples are well above the means of tributary concentrations, which are
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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similar to several suggested global background values (Salomons and 
Forstner, 1984). A similar conclusion was reached by Andrews (1987) for 
bed sediment collected in 1984. The mean iron concentration in river 
sediments Is not markedly different from the tributary value, but eight 
river samples have iron concentrations above the highest value for bulk 
tributary sediments. No significant amounts of nickel were present in 
Butte ores (Meyer, 1968), and no nickel enrichment is evident in our 
samples.
Downstream Trends
Downstream trends in concentrations of cadmium, copper, iron, 
manganese, nickel, and zinc in bulk samples, mud fractions, and sand 
fractions, are shown in Fig. 3. (Most of the cadmium data for bulk 
samples and sand fractions were below the ICAPS detection limit so only 
the cadmium data for the mud fractions are shown in Fig. 3). With the 
exception of nickel, all metals considered show general decreases in 
concentration downstream, and these decreases are more pronounced in the 
mud fraction. Considerable intersite variability exists in all the data; 
in concentrations in the mud fraction this variability appears to 
decrease slightly downstream, suggesting a downstream increase of mixing 
of contaminated and uncontaminated river sediment. General trends in 
concentrations in bulk samples and sand fractions are quite similar. 
(Bulk concentrations should be slightly higher, and small deviations 
from this trend may be due to preparation errors, sample inhomogeneity, 
or analytical error).
The large amount of variability (Fig. 3) suggests that simple
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
dilution of point source contamination is not the only control of the 
longitudinal distribution of trace metals in Clark Fork River bed 
sediments. Similar variability in concentrations of cadmium, copper, 
Iron, manganese, lead, and zinc in bed-sediment of the Clark Fork was 
noted by Axtmann and Luoma (1987). Discontinuation of mining in the 
Butte-Anaconda district, and construction of settling ponds at the 
headwaters of the river, has eliminated or considerably reduced the 
effect of the formerly large p o in t  source of metal-enriched material. 
Deposits of metal-enriched sediment that appear to be mixtures of 
uncontaminated river sediments and mine tailings are common along the 
upper river floodplain, however (Moore et al., in press; Moore, 1985). 
These deposits are quite common upstream of Garrison (67 km, see Fig.
1), and their frequency and size decrease downstream. Where the active 
river channel passes directly through these areas this material is 
incorporated into bed and suspended sediment. Floodplain sediments have 
previously been implicated as sources for metal contamination in Clark 
Fork River bed sediments (Axtmann and Luoma, 1987). The downstream 
decline in frequency of these deposits may account for gradual 
downstream declines in concentrations of cadmium, copper, iron, 
manganese, and zinc. Moore et al. (in press) observed high total 
concentrations of cadmium, copper, and zinc in floodplain sediment 
upstream from Garrison and a downstream decrease in concentration 
similar to that shown in Fig. 3. However, a downstream decrease in 
manganese concentrations in floodplain sediments was not observed.
Dilution by uncontaminated tributary sediment may also account for 
downstream decreases in concentrations. The first major tributary, the
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Little Blackfoot River, enters the Clark Fork at Garrison, MT, 67 
kilometers downstream (see Fig. 1). Although contemporary streamflow 
and suspended sediment data are not available for both the Clark Fork 
River and the Little Blackfoot River at Garrison, the suspended load of 
the Little Blackfoot River may contribute as much as 50 percent of the 
suspended load of the Clark Fork at that point (see Lambing, 1987).
Flint Creek enters the river at approximately 110 km downstream and 
probably supplies approximately 10-15 percent of the suspended sediment 
load of the Clark Fork River at this confluence (Brosten and Jacobsen, 
1985; data from 1971-72). The increases in concentrations of copper, 
manganese, and zinc at this point (see Fig. 3) may be a result of input 
of relatively metal-enriched sediments from Flint Creek (see Table 2). 
Similar increases in lead and zinc concentrations were observed by 
Axtmann and Luoma (1987). The magnitude of tributary contribution to the 
suspended sediment load of the Clark Fork River is probably highly 
variable and is not consistently monitored. As a result, no definite 
conclusions about mixing of tributary and river sediment are possible.
Particle Size Effects
Correlations between percent mud and bulk elemental content were 
significant (p<.001), but not extremely high, with the exception of 
manganese (rg=.07, p=.70) (Fig. A). (Cadmium was not examined because 
many bulk concentrations were below detection limits). Both linear 
(Pearson's r) and non-parametric (Spearman's rho) correlation 
coefficients were calculated and give similar results. Although a large 
amount of scatter is present, the form of the plots in Fig. 4 suggests
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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that a log transform of the independent variable might be appropriate 
(Sokal and Rohlf, 1981). Residual analysis, however, indicated no need 
for transformation, and logjQ transforms did not improve correlation 
coefficients significantly.
Some authors suggest that, because of higher concentrations in smaller 
particle size fractions, plots like those in Figure 4 will show linear 
trends (Salomons and Mook, 1977; de Groot, 1971). Consideration of the 
relationships among the measured parameters gives more insight into the 
conditions that result in a linear plot. For an individual sample, the 
influence of the concentration in the sand and mud size fractions on the 
bulk concentration can be represented by equation (1):
Cb ~ CgXg + CjjjXtjj (1 )
where :
C]) = bulk metal concentration
Cfn = metal concentration in mud fraction
Cg = metal concentration in sand fraction
Xni = fractional percentage of mud
Xg = fractional percentage of sand 
Xg and Xfj, are related (X^^d-Xg) so equation (1) can be rewritten:
^b ~ CffjXfj, (2)
' Xm(Cm"Cg) + Cg
Equations (2) indicate that a straight-line plot between X^ (or % < 63 
um) and C5 for a group of samples will result when Cg and (Cm-Cg) are 
both constant. This requirement is technically only met when Cg and C^ 
do not change. The positive slope expected from such a plot results 
because is usually greater than Cg. Given that the approach taken in
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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equations (1) and (2) is valid, a number of factors potentially 
contribute to the variation around the approximately linear trends shown 
in Figure 4. Variations in (Cm-Cg) (Table 3), as well as variations in 
Cg (see Fig. 3), presumably account for some of the variability. 
Analytical error (see Table 1) must also contribute. Presumably, 
variations in (C^-Cg) and Cg are due to the confounding effect of sample 
location. Although there is no present point source of metals in the 
Clark Fork River, trends related to sample location appear to exist 
(Fig. 3), and therefore, the effects of particle size on metal 
concentrations are confounded with the effects of sample location. 
Salomons and Mook (1977) obtained strong linear trends with similar data 
for numerous sediment samples collected at single locations, presumably 
because metal concentrations within the coarse and fine fractions (C^ 
and Cg) were relatively constant for all samples.
Correlations between normalized concentrations and actual 
concentrations in the mud fractions are generally weak (Fig. 5). If 
normalization of bulk concentrations was a valid procedure for reducing 
particle-size effects a linear relationship between the normalized 
concentrations and the concentrations in the mud fraction should exist. 
In the data presented here, such a relationship is not present, although 
manganese gives a relatively significant correlation coefficient (r=.51, 
p=.01). The scatter plot for manganese, however, reveals no consistent 
trend (Fig. 5).
The normalized concentration (C^) was calculated with equation (3):
Cn == Cl)/lOOXin ( 3)
Substitution of equation (1) into equation (3) yields;
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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P„_CsXs + CmXm
C" ÏDÔÜÜ  (4)
which is equivalent to:
Cn=(l/10n)(Cm-Cs+(Cs/Xm)) (5)
(The fraction (1/100) is not necessary in these equations, it is kept 
for consistency with Figure 4). As an example, equation (5) is plotted 
against for Cg = 50 and = 250 in Figure 6. As X,̂  decreases, Cĵ 
is relatively constant (and therefore normalization seems to work) until 
Xm is approximately 0.1-0.2 (10-20 % mud). At that point increases
dramatically. As a result, outlying points in the generally linear 
trend expected from the normalization procedure will appear at low X^ 
(high Xg), Note that the above conclusions technically only hold true 
if Cfjj and Cg are constant. If Ĉj is much larger than Cg, however, 
equation (5) will yield relatively constant values of C^ that are close 
to C^ until X(n decreases to the point where (Cg/X#) becomes large 
relative to (C[ -̂Cg).
Apart from variation in C^, Cg, and (C^-Cg), there are probably two 
reasons why the data in Fig. 5 do not show linear trends. The first is 
that there are a large number of samples in this set of data with very
low percentages of mud (see Figure 4), a situation typical of high-
gradient rivers. The second may be lack of fit of the data to equation 
(1). This possibility was assessed by calculating linear regression 
lines for plots of calculated bulk concentrations (from equation 1, 
using measured values of Cg, C^, and X^) X£* actual bulk concentrations 
(Table 4). The fit is generally good for copper and manganese, less so
for iron and zinc, and poor for nickel. The results of these
calculations are not presented for cadmium because of detection limit
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problems mentioned above, however, the fit for cadmium was similar to 
that for iron and zinc. The lack of fit for nickel, iron and zinc may 
reflect sample inhomogeneity, actual analytical errors, or the different 
methods of size separation for particle-size analysis and metals 
analysis.
Metals in Coarse Fractions
The high degree of similarity of the curves for bulk concentrations 
and sand fraction concentrations (Fig. 2) presumably reflects the fact 
that a large proportion of the bulk elemental concentrations come from 
the coarse fraction. This can be quantified by calculating mass- 
normalized concentration ratios for coarse/fine fractions (Table 5) as 
follows :
Rm=CsXs/CmXm (6)
where is the mass-normalized ratio. (For example, a sample with 20 
percent mud, 500 g/g metal in the mud fraction, and 200 g/g metal in 
the sand fraction would have = (200)(0.8)/(500)(0.2), or 8̂ = 1.6).
This ratio illustrates the relative importance of the coarse fraction in 
contributing to bulk metal concentrations. When contributions from both 
fractions are equal = 1. The arithmetic mean of these ratios 
increases in the order copper, zinc, manganese, iron, and nickel, and 
ratios for each metal are predominantly above 1. More notable, however, 
is their large degree of variation. Because of this variation, care 
must be taken in comparing the relative contributions to bulk 
concentrations of individual metals. These data do, however, 
demonstrate the overall importance of the metals in the coarse fractions
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
u
as contributors to bulk concentrations, and the significant amounts of 
metals present in the coarse fractions of these sediments. In 18 of 26 
cases for copper, 25 of 26 cases for iron and nickel, and 22 of 26 cases 
for manganese and zinc, 50 percent or more of the metals in the bulk 
fraction come from the coarse material. For nickel, zinc, and iron, 
these conclusions must be viewed as approximate, due to lack of fit to 
equation (1). The few values of Cg for cadmium above detection limits 
prevented calculation of meaningful for cadmium.
SUMMARY AND CONCLUSIONS
Bed sediments of the first 200 kilometers of the Clark Fork River are 
enriched in cadmium, copper, manganese, and zinc. Concentrations of 
these metals appear to decrease downstream within this area, however, a 
significant amount of variability is superimposed on this general trend. 
Nickel and iron concentrations are also variable, but not significantly 
higher than concentrations in background tributary samples.
The data collected in this study provide an opportunity to examine the 
particle-size control of metals in a coarse-grained system. Strong, 
linear correlations between the percentage of a specific size fraction 
(< 63 um in this case) and bulk metal concentrations will result only 
when concentrations in the coarse and fine fractions do not vary much 
among samples. These criteria are probably most often met in homogenous 
systems, or in a group of samples collected at one site. In the Clark 
Fork River samples analyzed in this study, relatively weak but 
significant correlations are present between (or percent mud) and
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bulk concentrations of copper, iron, nickel, and zinc. The weakness of 
these relationships and the lack of significant correlation for 
manganese is partly attributable to large variations in both Cg and 
and (Cm-Cg) in this group of samples. In samples with wide ranges of 
concentrations, very high correlations between size-fraction percentages 
and bulk metal content probably should not be expected.
Normalization of bulk concentrations to Xm by dividing by lOOXm (ie. 
percent mud) will work if both Cg and Cm are constant (or if Cm is large 
relative to Cg), and if Xm is  larger than approximately 0.1-0.2 (10-20 % 
mud). In this study, normalization was not effective, due to both low 
values of Xm and wide ranges of concentrations. In coarse-grained river 
systems where Xm is low and Cm and Cg may be quite variable, analysis of 
a specific fine size fraction seems a more effective way of 
discriminating trends in concentrations.
Contributions to bulk metal concentrations from coarse material can be 
important, however. In the majority of the samples analyzed in this 
study, more metals are contributed to bulk concentrations from coarse 
material (sand) than from fine material (mud). Furthermore, studies of 
chemical spéciation of metals in various particle-size fractions have 
shown that significant amounts of weakly bound metals are present in 
coarser fractions of some sediments (data from Tessier et al., 1982; 
Thorne and Nickless, 1981; Filipok and Owen, 1979; Whitney, 1975). 
Although the analysis of only fine fractions of sediments seems to 
discriminate lateral variations in concentrations, the contributions to 
metal concentrations or loads from coarse fractions should not be 
overlooked, particularly in systems dominated by relatively coarse
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material with high metal concentrations. Futhermore, in systems like 
the Clark Fork River, with large variations in both metal concentrations 
and particle-size distributions over relatively short distances, 
techniques and concepts applicable to more homogenous systems may not 
work particularly well.
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Chapter I - Figure Captions
Figure I. Location of Clark Fork River study area, between Butte and 
Missoula, MT.
Figure 2. Comparison of distributions of bulk metal concentrations for 
Clark Fork River (CFR) (n=31) and background tributary (BT) (n=12) bed- 
sediment samples. * = below detection. Fe plotted in wt. %.
Figure 3. Downstream distributions of metals in bulk samples (+), sand 
fractions (*), and mud fractions(*)♦ Mud fraction data only for cadmium 
because most bulk and sand fraction cadmium were below detection limits.
Figure 4. Scatter plots for bulk metal concentrations percent < 63 
urn (rg=Spearman's rho, rp=Pearson's r).
Figure 5. Scatter plots for normalized bulk metal concentrations (C^) 
vs. actual concentrations in < 63 urn fractions (C^) (rg=Spearman^s rho, 
rp=Pearson''s r).
Figure 6. Change in C^ with change in Xg for Cg=50 and 0^=250.
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Table 1. Results of Total Metals Analysis of NBS 1645 (River Sediment) 
and 1646 (Estuarine Sediment),
1645 (n=14) 1646 (n=12)
NBS This Study NBS This Study LCD
Cd 10.2(1.5) 8.5(1.3) .36(.07) below detection 1.18
Cu 109(19) 110(8) 18(3) 16(9) 1.2
Fe 11.3(1.2) 10.3(.96) 3.4(.l) 3.5(.3) .001
Mn 785(97) 749(82) 375(20) 363(43) .22
Ni 45.8(2.9) 49.5(6.0) 32(3) 34(5) 3.3
Zn 1720(170) 1665(190) 138(6) 126(38) .46
LOD=limit of detection for this technique.
(/)(/>
<D
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"O<D
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Q.2
.C■c3
u_
0c
I
£
g
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CDg
"o
Cg'(/)CO
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8
3"O2
Q.
CD
Q1
CNi
... )
Location Cu
, ....... c.. ....
Fe Mn Ni Zn
Little Blackfooot
. 6 km 10 1.8 411 15 18
8.1 15 2.0 319 17 32
8.1 5 1.7 407 13 58
8.1 14 2.0 358 17 77
11.9 16 2.2 421 19 44
17.2 13 1.9 498 16 25
23.3 11 2.1 267 15 32
Flint Creek
3.4 km 19 1.9 1560 10 185
3.4 60 2.3 3796 15 548
13.7 87 2.6 3934 15 861
29.6 49 1.9 3215 13 493
57.7 60 1.8 5760 10 757
Blackfoot
3.0 km 14 2.2 308 13 43
3.8 20 2.4 267 15 7
6.6 10 1.9 213 12 39
9.4 21 2.5 413 15 6
10.6 19 2.4 369 17 17
CO
CO
CD
Q.
"O
CD
2
Q.
Cg
"G3"O2
Q.2
■c
Values in ug/g (Fe in wt. %). All cadmium analyses were below detection, 
location given in distance upstream from Clark Fork River.
Sample
8
CO
CO
CD
Q.
"O
83"O2
Q.
CDq:
26
Table 3. Descriptive Statistics for 
(Cni-Cs) in Clark Fork River Bed 
Sediments (n=26).
mean s max. min.
Cu 890 393 1885 189
Fe 1.7 0.6 2.6 0.5
Mn 2659 1542 7069 333
Ni 12 5 23.9 1
Zn 1058 421 2203 271
Val ues in ug/g (Fe in wt. %).
Table 4. Regression Statistics for 
Calculated v£. Actual Bulk Metal 
Concentrations (n=26).
Slope Y-intercept
Cu 1.0 (p<.01) 1.4 (p=.96) .93
Fe .82 (p<.01) .28 (p=.39) .76
Mn .89 (p<.01) 140 .40 (p=.22) .91
Ni .31 (p=.03) 11 .26 (p<.01) .43
Zn .75 (p<.01) 134.77 (p=.16) .73
p-values given are for two-tailed t- 
tests for Bq and Bj.
Table 5. Descriptive Statistics for 
Mass-Normalized Concentration Ratios
(n-26)._______________________________
mean s max. min. // > 1
Cu 4.3 5.8 25.5 .4 18
Fe 14.0 20.5 76.6 . 6 24
Mn 7.3 11.2 48.3 .5 21
Ni 16.2 27.9 113.7 .7 25
Zn 6.7 9.4 42.5 .5 24
Cadmium not repor ted because most
values of Cg were below detec tion,
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INTRODUCTION
Although time consuming, studies of metal spéciation within different 
particle-size classes can provide relatively detailed information about 
processes Influencing the metal content of sediments (see for example; 
Whitney, 1975; Gibbs, 1977; Filipek and Owen, 1979; Forstner and 
Patchineelara, 1980; Tessier et al., 1982). We have applied this method 
of investigation to bed sediment from the Clark Fork River, in western 
Montana, which has recently received attention due to elevated 
concentrations of arsenic, cadmium, copper, manganese, lead, and zinc 
found throughout the drainage (Andrews, 1987; Axtemann and Luoma, 1987; 
Moore, 1987; Moore et al., in press a,b). The river begins in the 
Butte-Anaconda mining district, a region of large-scale base and 
precious metal mining of a large sulfide ore body in the Boulder 
batholith (Fig. 1). From 1884 to the early 1970's, large quantities of 
copper, zinc, manganese, lead, silver, gold, cadmium, and a number of 
other elements were produced in this district (Miller, 1973). These 
ores also contained a significant amount of arsenic (Meyer et al.,
1968). Until the late 1950"s, when containment ponds were built on 
lower Silver Bow Creek (see Fig. 1), much of the waste from ore 
processing was dumped locally. Floodplaln and reservoir sediments 
throughout the river now contain much of this material (Moore, 1987; 
Moore et al., in press b). In this study we concentrated on the 200 km 
region between Warm Springs, MT, and Missoula, MT, (see Fig. 1), where 
the highest metal concentrations appear to exist (Axtmann and Luoma, 
1987; Moore, 1987). In this area the Clark Fork is a relatively shallow
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stream with a gradient of approximately 2.5 m/km. In 1985-86 
instantaneous streamflow varied from approximately 0.85-28.3 m^/s at 
Deer Lodge, MT, to 9.5-254.7 m^/s above the Milltown Reservoir (Lambing, 
1987) (see Figure 1). Most of the sediment deposited in the river bed 
is quite coarse; previous sampling rarely has recovered samples with 
less than 40-50 % sand (> 63 urn).
Some of the work in the drainage concentrated on the role of particle
size as a control of metal and arsenic concentrations in bed and
floodplaln sediment (Brook and Moore, 1987; Moore et al., in press a).
In these sediments the expected trend of increasing metal concentrations 
with decreasing particle size are subdued (in the case of bed sediment) 
or predominantly absent (in the case of floodplaln sediment). The work 
presented here was undertaken to obtain more information about the role 
of particle size as a control of metal and arsenic concentrations in
river-bed sediment, and the chemical spéciation of the large excess
concentrations of metals and arsenic in this system.
METHODS
Sample Collection, Separation, and Size Analysis
Bed sediment was collected in the summers of 1986 and 1987 (see Fig. 1
for sample locations). At all sample sites surface sediment was
collected in areas of low flow velocity. Collection and treatment of 
the two groups of samples are described separately below.
In 1986, seven river-bed samples, and one sample from each of three 
Clark Fork River tributaries (Little Blackfoot River, Flint Creek, and
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Blackfoot River, were collected (see Fig. 1). These samples were 
transported on ice to the University of Montana in Missoula. Samples 
were homogenized, subsamples were withdrawn for bulk chemical and 
particle-size analysis, and the remaining portions were frozen. Within 
approximately one month of collection these samples were thawed, and 
separated into the following six size fractions: > 300, 300-63, 63-38, 
38-17, 17-4, and 4-0.1 um). Separation was accomplished by wet sieving 
with river water (300, 63, 38, and 17 um Gilson polyester mesh screens), 
centrifugation with an IEC (International Equipment Company) UV 
centrifuge (17-4 um fraction), and centrifugation with a Sharpies super­
centrifuge (4-0.1 um fraction). The size fractions were dried at 70° C 
and stored for later analysis.
In late August-early September of 1987 six river-bed sediment samples 
were collected for size separation and subsequent sequential extraction 
(see Fig. 1 for locations). These samples were returned to the 
laboratory on ice and immediately separated into five size fractions (> 
300, 300-63, 63-38, 38-17, and 17-0.1 um) using procedures identical to 
those described above, omitting separation of the 17-4 um fraction. The 
17-0.1 um fraction was not subdivided because the previous summer's work 
had shown that it was difficult to obtain enough material in the 17-4 
and 4-0.1 um s i ze  classes for sequential extraction procedures (approx. 
Ig). Individual size fractions were frozen (overnight), and then freeze 
dried. Unfiltered river water, collected separately at each site, was 
used for wet sieving. Filtered (0.45 um) and unfiltered aliquots of 
this water, and the water passing through the Sharpies super-centrifuge 
at the end of the separation procedures, were collected and preserved
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with 3ml/l nitric acid (Baker Intra-Analyzed). Because fluid passing 
through the super-centrifuge comes in contact with stainless steel parts 
of the equipment, deionized water passing through the centrifuge was 
also collected and preserved (as above) to assess possible 
contamination.
Particle-size analysis of all samples was done by standard sieving and 
pipette methods on separate sample splits. Triplicate analysis of 
splits of four samples gave results that differed from the mean of the 
triplicate analysis by no more than 1 % of the total sample weight. 
Precision was significantly better for size fractions containing 
relatively large amounts of material (> approximately 5 % by weight).
For size fractions that often made up less than 1 % of the samples (38- 
17, 17-4, 4-0.1 um) absolute precision (% relative standard deviation) 
was poor, however, this does not affect conclusions derived from these 
data.
Analytical Methods
Size fractions of samples collected in 1986 were digested with a 
microwave technique modified from Nadkarni (1984). Approximately 0.2 g 
of powdered, dried sample was placed in a 50 ml teflon, screw-top, 
reaction vessel (Savillex Corp.). Five ml of aqua regia and two ml of 
HF (Baker Instra-Analyzed acids) were added, and the vessel was tightly 
sealed. Vessels were placed, six at a time, in a resealable plastic 
bowl on a rotating carousel in a JET209D General Electric microwave 
oven. The oven was operated at high power for five minutes, then 
vessels were removed and allowed to cool. When cool, 40 ml of 2.5 %
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(w/v) boric acid (Baker Analyzed) were added. The resulting solutions 
were allowed to stand for at least one-half hour, filtered (0.45 um 
cellulose triacetate filters), and diluted with deionized water to 100 
ml in glass volumetric flasks.
Size fractions collected in 1987 went through a three-step extraction 
scheme designed to remove metals in operationally defined "reducible", 
"oxidizable", and "residual" phases. This procedure is a simplification 
of a method that has been successfully applied to other Clark Fork River 
sediments (Moore et al., in press b). To remove arsenic and metals 
bound in the "reducible" phase approximately 0.5 g of sediment was 
placed in a 50 ml polyethylene centrifuge tube and shaken for 12 hours 
with 10 ml of 0.25 M hydroxylamine hydrochloride in 25 % (v/v) acetic 
acid. These slurries were centrifuged for 20 minutes at 4000 rpm and 
the supernatant was decanted and diluted with deionized water to 50 ml 
in glass volumetric flasks. The acetic acid-hydroxylamine extract is 
designed to liberate metals bound in iron and manganese oxide and 
hydrous oxide compounds (Chester and Hughes, 1967; Agemian and Chau, 
1976; Sondag, 1981) and also may provide good anomaly/background ratios 
for stream sediment geochemical exploration (Filipek et al., 1982; 
Tessier et al., 1982). Exchangeable and carbonate bound metals should 
also be released (Chester and Hughes, 1967; Tessier et al., 1979).
The residual material from the first extraction step was rinsed with 
10 ml of deionized water (rinsing involved adding 10 ml deionized water, 
shaking, and centrifugation at 4000 rpm for 20 minutes). The 
supernatant from the rinsing step was discarded and the oxidizable phase 
of the sample was dissolved with a double potassium chlorate-
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hydrochloric acid extraction (Chao and Sanzolone, 1977). 0.5 g of
potassium chlorate (ACS grade, MCB Reagents) and 10 ml of hydrochloric 
acid (Baker Instra-Analyzed) were added to the sediment In the 
centrifuge tubes and they were allowed to stand for one-half hour. Then 
10 ml of deionized water were added to each, the tubes were shaken, and 
centrifuged for 20 minutes at 4000 rpm. This procedure was repeated 
with fresh reagents and the solutions from the two oxidizing steps were 
combined and diluted with deionized water to 50 ml In glass volumetric 
flasks. The double potassium chlorate extraction was designed to 
dissolve crystalline sulfide minerals and shown to dissolve 86 to 100 % 
of galena (PbS), chalcopyrlte (CuFeSg), cinnabar (HgS), orpiment 
(AS2S3), stlbnlte (Sb2S3), sphalerite (ZnS), and tetrahedrlte 
(Cu32Sb4SJ3), and 71 to 86 % of pyrite (FeS2) present in artificial 
samples (Chao and Sanzolone, 1977). This procedure was designed for use 
after extraction steps removing metals bound In Iron and manganese oxide 
compounds and organic material; it Is used here as an estimate of metals 
and arsenic bound in the "oxidizable" phase of the sediment (presumably 
mostly sulfides and organic material).
The residual fraction from the oxidizable extraction step was rinsed 
as above, dried overnight at 70° C, ground In a corundum mortar and 
pestle, and digested with the total digestion procedure described above.
All water samples and sediment extracts were analyzed for As, Cd, Cu, 
Fe, Mn, Nl, Pb, and Zn with a Jarrel-Ash Model 800 Atom Comp ICAPES 
(Induction Coupled Argon Plasma Emission Spectrometer) with matrix 
matched standards. Data for all procedures were adjusted for procedural 
blank concentrations, which were relatively low. Accuracy and precision
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for the total digestion procedure used for total and "residual" metals 
were estimated through repeated analysis of NBS reference sediment 
samples (Table 1). During development of the extraction procedures bulk 
(unfractionated) samples from each of the 1987 sample sites went through 
the chemical extraction procedure, and splits of those samples were 
digested totally with the microwave technique. The sum of the 
concentrations in the individual extraction steps was generally within 
10 % of the measured total-metal concentration for all elements 
analyzed. Duplicate acetic acid-hydroxylamine extracts of separate 
splits of bulk samples and size fractions gave values within 6 % of 
their means for Cu, Fe, and Zn, and 10% for Mn, Pb, and Ni, Duplicate 
potassium chlorate - hydrochloric acid extracts gave values within 6 % 
of their means for Cu, and Mn, and 10 % for Pb, Zn, and Fe. Duplicate 
Cd and Ni analyses were generally within 10 % of the mean, but 
concentrations of these metals were near detection limits in some cases, 
where precision significantly worsened. Results of repeated analysis of 
laboratory prepared standards in the acetic acid-hydroxylamine and 
potassium chlorate-hydrochloric acid matrices suggest an accuracy of 
better than 4 % and an individual sample precision (% relative standard 
deviation) of better than 4 %. Precision and accuracy of water analysis 
were monitored through repeated analysis of USGS (United States 
Geological Survey) water standards T-91 and T-95, and both were 
generally within 10-15 %. Concentrations in the river water used for 
sieving and in USGS water standards were often near ICAPES detection 
limits, however. Water data are used only to estimate the amount of 
metals mobilized during sieving, and the results of those calculations
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may be subject to a significant amount of error. As with the particle- 
size data, conclusions relying on this water data are not significantly 
affected by analytical error (see below). Detection limits for water 
and sediment analysis (defined as 3 standard deviations about the mean 
of the reagent blank concentration) are shown in Table 2.
Total organic carbon (TOC) was determined for subsamples of all size 
fractions of 1987 bed-sediment samples at Rinehart Labs (Arvada, CO). 
Laboratory reported recovery was 98.5 - 100.4 %, with measured 
concentrations in duplicate samples differing less than 5 % from the 
mean.
Metals Loss During Sieving
Filtered aliquots of river water used for sieving 1987 samples and the 
water passing through the super centrifuge at the end of size-separation 
procedures were analyzed to investigate the possibility of metal and 
arsenic mobilization during size separation. These data, with the 
initial dry weight of the sample (measured on a separate split of the 
wet sample) allow rough calculation of the amount of metals mobilized 
during sieving. As mentioned above, these data contain significant 
ambiguity, however, sieving loss generally appeared to be minimal. For 
most of the samples, these calculations indicate that not more than 1 % 
(Cu and Fe), 3 % (Mn) and 7 % (Zn), of the lowest concentration (of the 
five size fractions) in the acetic acid-hydroxylamine extract were 
mobilized during sieving. Other workers have reported minimal metals 
loss during sieving procedures (Forstner and Patchineelum, 1980; Jenne 
et al., 1980). Deionized water blanks passed through the Sharpies
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
41
centrifuge often contained significant amounts of zinc so some zinc 
attributed to mobilization from the sediment may come from metal parts 
of the centrifuge. Zinc contamination from filters or filtration 
equipment has also been noticed during other procedures In our 
laboratory. Concentrations of As, Ni, Cd, and Pb in the supernatant 
water were below detection limits, however, this does not rule out the 
possibility of some mobilization of these metals during sieving. In 
addition, in two cases, metal mobilization did appear significant. A 
large amount of Mn (approximately 20 % of the total bulk concentration) 
was liberated during separation of the sample at 59 km, and a large 
amount of Nl (approximately 25 % of the total bulk concentration) was 
liberated during separation of the sample at 91 km. The amount of 
mobilization of other metals during separation of these samples was not 
significant, however. These large values for metal removal during 
sieving are unusual, and hard to explain because they are isolated to 
two metals in two separate samples. The data are not corrected for this 
apparent loss.
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RESULTS AND DISCUSSION
Metal Enrichment
Total-raetal concentrations in size-fractionated 1986 bed sediment 
samples (Fig. 2) display trends similar to those found in other studies 
of Clark Fork River sediments (Axtmann and Luoma, 1987; Moore, 1987; 
Moore et al., in press a). Cadmium, copper, manganese, and zinc are 
enriched over tributary values. Relatively higher concentrations of 
cadmium, copper, manganese, and zinc In Flint Creek (see Fig. 2) have 
been noted by other workers (Moore et al., in press a; Axtmann and 
Luoma, 1987) and are presumably due to mineralization and small mining 
operations in that drainage (Ingman and Bahls, 1979). Arsenic and lead 
data for these samples are not available. Particle-size analysis 
(Table 3) shows that most of these samples are composed of a large 
amount of sand (> 63 urn material). These particle-size data, combined 
with data in Figure 2, suggest that although the highest metal 
concentrations occur in the 4-0.1 urn fraction, the sand fraction 
contributes a large percentage of the total metals in these samples.
Sequential extractions of bulk 1987 bed-sediment samples (Fig. 3) show 
that enriched cadmium, copper, manganese, and zinc are present in 
predominantly "reducible" and "oxidizable" phases, with relatively small 
"residual" concentrations, while iron and nickel have larger 
contributions from "residual" phases. The "reducible" phase dominates 
for manganese, and to a lesser extent for zinc, and copper is 
concentrated approximately equally (samples at 0, 22, 35, and 59 km) in 
the two non-"residual" phases, or mostly in the "oxidizable" phase
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(samples at 91 and 188 km). Concentrations of arsenic, lead, and 
cadmium in "reducible" and "oxidizable" phases only are plotted in 
Figure 3; residual cadmium concentrations were below detection limits, 
and lead and arsenic analysis in the "residual phase" suffer from poor 
precision (lead), and significant interference in the ICP from aluminum 
(arsenic). Non-"residual" arsenic is fractionated approximately equally 
in "reducible" and "oxidizable" phases, with the exception of higher 
"oxidizable" concentrations in the sample at 0 km. Concentrations of 
lead in the "reducible" phase are generally higher than concentrations 
in the "oxidizable" phases, again with the sample at 0 km as an 
exception. Although "residual" lead data are not presented, lead has a 
relatively significant "residual" phase (approx. 30-60 ug/g) (E. Brook, 
unpublished data), and Andrews (1987) indicates that "residual" arsenic 
concentrations in Clark Fork River sediments are relatively low 
(approximately 1-30 ug/g). Andrews (1987) also describes a pattern of 
chemical fractionation between "residual" and non-"residual" phases 
similar to that shown in Figure 3, however, in that study residual 
concentrations were determined by differences between "total" and 
extractable concentrations, using less severe chemical techniques to 
determine "total” concentrations.
Chemical Spéciation and Particle Size Effects
Sequential extraction of size-fractionated bed sediments (Fig. 4) 
shows chemical spéciation trends consistent with the bulk sample 
analysis (see Fig. 3). The significantly higher concentration of nickel 
in the size fractionated 91 km sample than the bulk 91 km sample are
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presumably a result of sample Inhomogenelty. Results of particle size- 
analysis (see Table 3 and Fig. 4) show that these samples are also 
composed predominantly of sand-sized material, with the exception of the 
sample at 91 km, which is significantly finer. In addition, the 
sequential extraction of individual size fractions provides more 
information about particle-size control of metal concentrations in these 
sediments.
Metal concentrations in the "reducible" phase are strongly dependent 
on particle size, with significantly higher concentrations of arsenic, 
cadmium, copper, iron, manganese, nickel, lead, and zinc in most of the 
17-0.1 urn fractions than in all coarser size fractions. The acetic 
acid-hydroxylamine extraction should liberate metals bound in non- or 
partially-crystalline iron and manganese oxide or hydrous oxide phases 
(highly crystalline oxides may not totally dissolve [Luoma and Davis, 
1983]), carbonate associated metals, and exchangeable metals (Chester 
and Hughes, 1967; Tessier et al., 1979, 1982). Of these three, the 
oxide coatings are probably the most important scavengers of trace- 
metals and arsenic in sediments (Chao and Theobold, 1976; Jenne, 1976; 
Lion et al., 1982; Luoma and Davis, 1983; Laxen, 1985; Takamatsu et al., 
1985; Peterson and Carpenter, 1986) and should be present predominantly 
as coatings on particle surfaces or as very fine-grained particulates 
(Chao and Theobold, 1976; Jenne, 1976; Salomons and Forstncr, 1984). 
Predicted surface area/volume trends for the size classes of particles 
considered here suggest a sharp Increase in concentration in the 17-0.1 
urn fraction of metals bound in surface area controlled chemical phases 
(Fig. 5). This increase is present in much of our data (see Figs. 4 and
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
45
5), and is consistent with surface area controlled concentration of iron 
and manganese oxide coatings in fine size fractions.
"Reducible" metal concentrations in coarser fractions are often higher 
than might be predicted (see Figs. 4 and 5), however, suggesting 
possible enrichment of iron and manganese coatings in these size 
fractions. The presence of orange-brown and black coatings on many 
coarse quartz and feldspar grains in these samples supports this 
conclusion. Enrichment of this phase in the coarse fraction is also 
consistent with observations of coarse-fraction enrichment in other 
river sediments (Whitney, 1975; Gibbs, 1977; Wilber and Hunter, 1979; 
Tessier et al., 1981). This effect is probably due to an increase in 
iron and manganese coating thickness with increasing particle size, 
either due to long residence times of coarse particles in oxygenated, 
relatively high velocity currents (Whitney, 1975; Tessier et al., 1982), 
or the formation of iron and manganese oxide coatings in the weathering 
environment (e.g. floodplaln or other sediments and soils), where 
coarser, more permeable sediments receive a greater supply of 
precipitating ions than finer, less permeable material (Gibbs, 1977).
In our samples at 22, 35, and 59 km, higher concentrations of arsenic, 
cadmium (22 and 59 km only), copper, nickel, lead, and zinc in the 
"reducible" phase of the > 300 uin fraction are mirrored by higher 
concentrations of iron and manganese in the "reducible" phase of this 
size fraction, lending support to the hypothesis that iron and manganese 
oxide coatings are concentrated in coarser fractions. These data 
support the suggestion that particle size plays a dual role in 
controlling the concentrations of metals in the "reducible" phase of
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fluvial sediments. Increases in surface area/volume tend to increase 
concentrations, however, because coarser particles may spend more time 
in chemical environments conducive to the formation of iron and 
manganese oxide coatings, concentrations in coarser sediment fractions 
are higher than predicted. This conclusion is also supported by 
previous work with size fractions of Clark Fork River sediments 
(Wilhelm, 1986, see Andrews, 1987). The exact mechanism of this coarse- 
fraction enrichment is unclear; Moore et al. (in press a), however, have 
shown that metals in Clark Fork River floodplaln sediments do not show 
expected relationships between metal concentrations and particle-size 
distributions. This conclusion at least suggests that the growth of 
oxide coatings on coarse particles in floodplaln sediments may explain 
some of the coarse-fraction enrichment in river-bed sediments.
Metals in "oxidizable" phases should be present predominantly as 
diagenetic or detrital sulfides, and chemically bound with organic 
material. Sampling was intended to collect only oxidized, surface 
sediment, but the oxidized layer in these sediments is often extremely 
thin, and the possibility that some sediments containing diagenetic 
sulfides may have been collected can not be ruled out. Metal 
concentrations in this chemical phase generally increase with decreasing 
particle size, however, there are important exceptions to this trend 
(see Fig. 4), most notably nickel, zinc, iron, copper, and lead at 22 
and 59 km, and arsenic at 22, 35, and 59 km. In addition, increases 
with decreasing particle size are generally not of the magnitude of 
increases in the "reducible" phase, except in the case of copper (and 
arsenic at 0 km), where significant increases in "oxidizable"
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concentrations occur in the 17-0.1 urn fraction. Copper also has the 
highest percentage of metal in this phase. Many workers have observed 
concentration of copper in organic material in sediments (Tessier e_t 
al, 1982; Nrlagu and Coker, 1980; Mantoura et al., 1978), probably due 
to high stability constants for copper-organic complexes (Davis, 1984; 
Salomons and Forstner, 1984). Arsenic is often scavenged by iron and 
manganese oxide compounds in oxidizing sediments (Takamatsu et al. , 
1985; Peterson and Carpenter, 1986); the high "oxidizable" 
concentrations of arsenic at 0 and 188 km could be a result of the 
presence of a minor amount of arsenic containing detrital sulfide 
minerals that were present in Butte ores (eg. enargite [CU3ASS4] or 
arsenopyrite [FeAsS]), Manganese has relatively small "oxidizable" 
concentrations, while, arsenic, cadmium, iron, lead, nickel, and zinc 
have significant concentrations in "oxidizable" phases (see Figs. 3 and 
4).
Trends in "oxidizable" metal concentrations are difficult to asses 
because the two important phases, sulfides and organic material, are not 
discriminated. Total-organic carbon data (Table 4) show trends related 
to particle size that are quite similar to trends of metal 
concentrations in the "oxidizable" phase (see Fig. 4). Organic carbon 
should be concentrated in smaller size fractions (Brownlow, ]972), the 
elevated concentrations of organic carbon in the > 300 urn fraction of 
some of these samples (see Table 4) are due to entrapment of coarse 
plant material in the > 300 urn sieve. The presence of this coarse plant 
debris satisfactorily explains the anomalous concentrations of 
"oxidizable metals" in coarse size fractions (see Fig. 4). The
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relatively high organic carbon content of the 91 km sample (see Tables 3 
and 4) explains the large concentration of copper in the "oxidizable" 
phase of the 91 km sample (see Fig. 3).
The relative proportions of metals in the "oxidizable" fraction of the 
bulk samples (Fig. 3) supports the conclusion that a significant 
fraction of the metals in "oxidizable" phases are bound by organic 
material. When considered as a fraction of the non-residual phase, this 
proportion generally decreases in the order Fe > As > Cu > Pb > Zn > Cd 
> Ni > Mn. This sequence partially resembles experimental and field 
observations of trends of the strength of metal binding by natural 
organic material (Mantoura et al., 1978; Kerndoff and Schnitzer, 1980; 
Nriagu and Coker, 1980). Given the large "oxidizable" concentrations in 
these samples, however, the possible contribution from metals bound in 
detrital or diagenetic sulfides can not be discounted. Optical 
examination did not reveal the presence of any detrital sulfide 
minerals, however these predominantly soft compounds would be expected 
in finer particle size fractions, where they are difficult to identify.
Metals in the "residual" fraction should come primarily from silicate 
and other resistant minerals. Residual concentrations are similar to 
concentrations measured in Clark Fork River tributary sediments 
(Andrews, 1987; Axtmann and Luoma, 1987; Moore et al., in press a; E. 
Brook, unpublished data). These background concentrations are in turn 
similar to, but slightly lower than, global background concentrations 
in shales (Table 5). Salomons and Forstner (1984) suggest that the 
shale values are, in general, slightly higher than background 
concentrations for river sediments, and this seems to be the case in the
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Clark Fork River as well. As might be expected if metals in the 
"residual" phase are present mostly in lattice positions in minerals, 
there is little particle size control of "residual" metal concentrations 
(see Fig. 4).
CONCLUSIONS
Results of sequential extraction show that metal enrichment in Clark 
Fork River sediments is present predominantly in "reducible" and 
"oxidizable" phases. This observation is consistent with the source of 
metal enrichment in the Clark Fork River; most of the excess 
concentrations are probably the result of weathering of unstable metal 
sulfide minerals extracted from the Butte-Anaconda mining district, or 
the presence or detrital, crystalline sulfide minerals in river 
sediments, neither of which should contribute to "residual" metal 
concentrations.
For the enriched metals cadmium, manganese, and zinc, the strong 
trend of increasing concentration with decreasing particle size has the 
greatest contribution from the "reducible" phase, presumably mostly iron 
and manganese oxide compounds. These should be present as coatings on 
particles or as very small particulates, and therefore concentrations of 
metals in this phase should show strong increases with decreasing 
particle size. Lead, arsenic, and copper have significant contributions 
to this increase from the "oxidizable" phase as well. Iron and nickel 
are not significantly enriched, and show weak particle size trends; 
increases in concentration with decreasing particle size are relatively
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minor (see Figs. 2 and 4), The lack of large non-reducible 
concentrations of nickel and iron, and therefore a lack of a significant 
surface-area controlled phase ("reducible" or "oxidizable" metals) is a 
probable explanation for the lack of a significant particle-size effect 
on nickel and iron concentrations.
The relationships between particle size and metal concentrations in 
these sediments (Figs, 2 and 4) are notable because of enrichment of 
metal concentrations in coarse size fractions. Metal enrichment in the 
coarse fractions of these sediments is emphasized here because they are 
composed of dominantly sand-sized material (> 63 urn) (see Table 3), even 
though sampling in this study was targeted at the finest sediment in the 
river bed that was available in significant quantities. Comparison of 
the particle-size distributions of the collected sediments (Table 3 and 
Fig. 4) with the corresponding extrac table metal concentrations 
indicates that, as in the case of the 1986 samples, most of the metals 
in these sediments are present in the three coarsest size fractions 
(with the sample at 91 km as an exception). A large number of 
researchers have recommended that sampling and analysis of sediment for 
metal contaminants be confined to a specific fine-size fraction (Oliver, 
1973; de Groot, 1982; Salomons and Forstner, 1984), typically < 63 or 20 
urn. While the necessity of reducing particle-size effects on vertical 
or lateral trends of sediment associated metals is apparent, studies of 
transport or ecological impact of metal pollutants in coarse-grained 
river systems should not overlook the potentially significant 
contribution to the total metal content of the system from the dominant 
particle-size fraction.
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Chapter II - Figure Captions
Fig. 1. Study area and sample locations. Open triangles=1986 sample 
sites, closed triangles=1987 sample sites, diamonds=l986 and 1987 sample 
sites. Clark Fork River samples identified by distance (km) downstream 
from Warm Spring Creek. Tributary samples designated as follows: 
l=Little Blackfoot River, 2=Fllnt Creek, 3=Blackfoot River.
Fig. 2. Total metals in six size fractions of 1986 bed-sediment samples. 
Each histogram gives concentrations (from left to right) in > 300, 300- 
63, 63-38, 38-17, 17-4, and 4-0.1 urn size fractions. Samples labeled 
1, 2, and 3 at the right end of each plot are in Clark Fork River 
tributaries. See Fig. 1 for sample locations.
1 Missing values for Cd were below detection.
Fig. 3. Sequential extractions of bulk 1987 bed-sediment samples.
1 Residual concentrations of Cd were below detection; residual 
concentrations of Pb and As are not reported (see text).
Fig. 4. Sequential extractions of size fractionated 1987 bed-sediment 
samples (note scale changes). See Fig. 1 for sample locations.
Italicized numbers indicate size fractions as follows: 1= >300 urn, 2= 
300-63 urn, 3= 63-38 urn, 4= 38-17 urn, 5= 17-0.1 urn. The 91 km sample 
contained no material coarser than 63 urn.
1 Residual concentrations of Cd were below detection, residual 
concentrations of arsenic and lead are not reported.
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Fig. 5. Theoretical surface area/volume trend for spherical particles In 
the size ranges considered in this study. Surface area was calculated 
using the mid-point of each size class (500 urn was used for the > 300 urn 
size class.
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Figure 1.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
5h
f g/g
I i X m  J  i
4 000
3500
3 00 0
2 50 0
Cu
0 2 t1  2 2  59  75  162 1 2 3
i J i i J L  _
0 2 11 22 59 75 162 1 2 3
wt. % 3
12000
10000
80 0 0
p g / g  6000
0 2 11 22 59 75  162 1 2 0 2 n  22 59 75 162 1 2 3
^ g / g  30 pg/g 2000
4000
3000
2500
1500
0 2 M 2? 59 75 162 1 2 0 2 1 ’ 22 59 75 162 1 2 3
Figure 2.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
55
R o s id jo f  §  O x id izab le  ©  Reducib le
5 0 .
As
70
60
30
20
22 35 59 188
Cd
35 59 188
h9/9
9 0 0 '
8 0 0 '
Cu
7 0 0 '
6 0 0 '
500'
4 0 0 '
300"
ZOO-
35 59
wt. % 2
1 600  
I 400- 
1 2 0 0 - 
1000- 
p g / g  800- 
600' 
400- 
200 
0
Mn
•ffl
L:i
i i l i l
0 2 2 35  59 91 188
fg/g
0 22 35 59 91 188
Figure 3.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
56
fg/g 50
1400
fg/g
22 3 5  59
Figure 3 cont.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
57
f-g/g Cu X 10 ■
Câ
M g / s  C d ' ^
M g / g  As'
oo In — tn hJ ui CM
Nî
Co
K i m m
oo
Co
raO
o
Na
Co
8 8 8 § §O
o
cn
Fipure 4,
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
58
Mç/g Ni f g / g  Mn *  10 •O
Ce
en K> c/l 04
en ro en cx
<o
w1. % Fe
0-*KJtX>tn(T»'«4C»
O ^ K ) O J > U i O - v / ( B
^ m a m  -
O - ^ f o w ^ - t n w - ^ c o
•jfif 
'WrnmB
Figure Z| cont.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
59
wt. % Size Froction _»
KJ A CD o
CD
^ g /g  Zn X 10 
o N) w A ir
fig/g Pb’
o
o ro
Ns
o
CDo go a>oO
Co
Cn
tnO
CD
O O O
o (/•
Co
Cn
O
II
tin
lEfl
Figure A cont.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
60
0.4
0.3
1 2 3 4 5
Figure 5,
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Table 1. Total-metal analysis of NBS Reference Materials 1645 
(river sediment) and 1646 (estuarine sediment). (Fe in
1645 (n=15) 1646 (n=12)
NBS This Study NBS This Study
Cd 10.2 (1.5) 8.6 (1.3) 0.36 (0.07) BD
Cu 109 (19) 112 (12) 18 (3) 16 (8)2
Fe 11.3 (1.2) 10.4 (1.1) 3.35 (0.1) 3.45 (0.3)
Mn 785 (97) 752 (90) 375 (20) 363 (43)
Nl 45.8 (2.9) 50 (6.7) 32 (3) 35 (6)
Zn 1720 (170) 1670 (191) 138 (6) 126 (37)
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CD ̂ Values reported are means and (±) 2s (in 
parentheses). BD=below detection. o
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2 Analysis of the last 8 standards of this group gave ± 1.4.
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CM
Table 2. Detection limits for water (ug/ml) and sediment (ug/g) analytical procedures^
Water Sediment extractions: 
"reducible" 
(NH?-HCl-HOAc)
"oxidizable"
(KC10?-HC1)
"res idual"-to tal 
(HF-HCl-HNOi)
As 0.019 6.4 1.76 -
Cd O.OOA 0.38 0.36 1.18
Cu 0.002 0.11 0.15 1.20
Fe 0.005 0.32 1.15 0.00l2
Mn 0.001 0.05 0.08 0.22
Ni 0.004 0.72 0.75 3.3
Pb 0.012 2.67 3.18 -
Zn 0.001 0.51 0.09 0.46
1 Detection limit= 3*s.d. of reagent blank.
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Table 3. Particle-size distributions for 1986 and 
1987 bed-sediment samples.
63
1986 samples 
Location! >300 urn 300-63 63-38 38-17 17-4 <42
0 km 55.63% 40.67% 2.19% 0.55% 0.21% 0.04%
2 55.03 41.24 2.91 0.37 0.15 0.15
11 42.35 50.15 5.14 1.19 0.50 0.29
22 61.14 31.08 4.56 1.72 0.57 0.34
59 20.68 67.42 9.44 1.47 0.36 0.27
75 64.44 21.75 6.36 3.78 1.35 0.42
162 73.31 22.40 2.88 0.64 0.23 0.16
1 42.91 47.96 5.66 1.40 0.52 0.26
2 28.61 49.50 16.87 3.18 1.01 0.55
3
1987 samples
32.26 49.25 15.01 1.95 0.78 0.22
Location! >300 m 300-63 63-38 38-17 <17%
0 km 14.59% 78.63% 5.87% 0.59% 0.25%
22 4.95 89.47 5.39 0.77 0.64
35 6.27 77.60 13.29 1.80 0.99
59 3.77 83.08 11.36 1.02 0.50
91 2.15 15.62 32.84 28.89 20.80
188 36.02 54.06 7.61 1.42 0.57
1 See Fig. 1 for sample locations. 
I=Little Blackfoot R., 2=Flint Creek, 
3=Blackfoot R.
2Determined by difference.
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Table A, Total organic carbon content (wt. %) of
size-fractionated 1987 bed-sediment samples .
Location > 300 300-63 63-38 38-17 <17 urn
0 km 0.50 0.28 0.73 2.77 5.22
22 8.56 0.30 1.79 4.52 7.31
35 0.49 0.25 0.40 1.26 2.94
59 1.14 0.21 0.87 2.41 5.14
91 2.95 2.68 2.52 5.13
188 0.75 0.33 1.03 1.13 4.99
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Table 5. Metal concentrations in shales, background Clark Fork 
River tributaries, and Clark Fork River "residual" fractions.
(all values in ug/g)._________________________________________
Shales! Clark Fork Tributaries^ Clark Fork "Residual"^
As - .40^ -
Cd 0.2 <1.2 <1.2
Cu 45 14(4) 14(4)
Mn 600 354(78) 275(65)
Ni 68 15(2) 11(3)
Pb 20 20^ -
Zn 95 33(20) 57(21)
^Data from Turekian arid ITedepohl (196l). compiled in Salomons 
and Forstner (1984).
2e . Brook, unpublished data. Means of total concentrations of 
12 samples collected in Little Blackfoot and Blackfoot Rivers 
(see Fig. 1). Values in parentheses= Is. Pb and As data 
are from Andrews (1987) for two samples (Blackfoot and Little 
Blackfoot Rivers).
^Means of residual concentrations in 6 bulk samples described 
in this study (see Fig. 3). Values in parentheses = Is.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number wsc2 Date 7-7-86 Sampler ED
Sketch of Location Descrip tlon 
Quadrangle Anaconda 15* 
Section 18 
T 5_ N, R 9_ w 
sw 1/4 sw 1/4 se 1/4
River Km -1.3
Notes; Warm Springs Creek 
near Warm Springs exit on 
1-90.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number çf 1 Date 7..7-86 Sampler [B
Sketch of Location Description 
Quadrangle Anaconda 15' 
Section 18 
T _5_ N, R W 
se1/A ne 1/4 nwl/A
River Km -Q.3
Notes: Clark Fork above Warm Springs Creek, at unidentified gauging station.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf2 Date 5-9-86 Sampler EB
Sketch of Location D e s c r ip t io n  
Quadrangle Anaconda 15'
Sect ion __
T N, R ̂  W 
ne 1/4 sw 1/4 se 1/4
River Km Q
Notes: Approx. 10m downstream from county road bridge.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Locat ion  number c f3  Date 7 -2 6 -8 6  Sampler ED
Sketch o f  Locat ion D e scr ip t io n  
Quadrangle Anaconda 15* 
Sect ion 7 
T ^  N, R ^  W 
se 1/4 se 1/4 se 1/4
R iver  Km 2.2
Notes: Meander loop north of Warm Springs at upstream end of bend. Extreme se corner of section 7.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf4 Date 7-26-86 Sampler EB
Sketch o f  Locat ion
n f
D e s c r ip t io n  
Quadrangle Anaconda 15' 
Sect ion 7 
I  N, R _9_ W 
se 1/4 se 1/4 se 1/4
River  Km 2 .7
Notes: approx. 30m downstream from county road bridge, river right. Behind small bar.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Locat ion  number çfg  Date 5 - 9 - 8 6
Sketch o f  Locat ion
Sampler Ep
D e scr ip t io n  
Quadrangle Anaconda 15
Section2_9___
T ^  N, R 9_ W 
se l/4ne l/4se 1/4
River  Kin 9 .8
Notes: Bridge on county road east of Galen, approx. 15m downstream.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Cf6 Date 7-26-86 Sampler EB
Sketch of Location Description 
Quadrangle Deer Lodge 15 
Section 21 
T j5_ N, R _9_ W 
nw 1/4 nw 1/4 nw 1/4
River Km 10.5
Notes: County road bridge (cement) al ong West Si de Canal•
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number cf7 Date 5-9-86 Sampler EB
Sketch of Location Description 
Quadrangle Deer Lodge 15' 
Section 33.
T _7_ N, R W 
sw 1/4 ne 1/4 ne 1/4
River Km 21.7
Notes: County road bridge north of Dempsey Creek, approx. 30m upstream.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf8 Date 7-26-86 Sampler EB
Sketch of Location D e s c r ip t io n  
Quadrangle Deer Lodge 1 5 ‘ 
Sect ion 16 
T N, R 9 _  W 
ne l/4ne 1/4sw 1/4
River Km 26.0
Notes: At end of abandoned 
road visible from 1-90. Approx. 10m downstream from remnants of wooden bridge.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number cf9 Date 7-26-86 Sampler PB
Sketch of Location
3
K
1
H H
Description
Quadrangle R p p r  I n d g p  I B ' 
Section 9 
T ^  N, R W
nw i/4ne i/4ne 1/4 
River Km 34.8
Notes: 1-90 Bridge s of Deer Lodge.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf IQ Date 7-26-86 Sampler [Q
Sketch o f  Locat ion D e s c r ip t io n  
quadrangle Deer Lodge 15
Sect ion 32___
T 8_ N, R 9 _  W
ne i/4 ne l/4se 1/4
River  Kin 38 .8
Notes: Grant-Kohrs Ranch, 
near farm road br idge, approx. 
10m upstream, r iv e r  r i g h t .
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Locat ion  number c f 11 Date 5-9-86
Sketch o f  Locat ion
Sampler pp
see above
D e scr ip t io n  
Quadrangle Deer Lodge 15 
Sect ion 32 
T 8_ N, R _9_ W 
ne l/4no l/4se 1/4
R iver  Km 38.8
Notes: Same location as above-
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf 12 Date 7-26-86 Sampler EB
Sketch of Location Description 
Quadrangle Deer Lodge 15
Section _4__
T8__ N, R 9_ W 
se 1/4 se 1/4 nw 1/4
River Km 49.5
Notes: Kohrs Fishing Access at Mullan Gulch. Upper oxidized sediment.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number cfl3 Date 7-26-86 Sampler EB
Sketch of Location
see abovef
Description 
Quadrangle Deer Lodge 15'
Section _4__
T ̂  N, R 9_ W 
se 1/4 se 1/4 nw 1/4
River Km 49 . 5
Notes: Same location as above. Lower reduced sediment
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf 14 Date 7-26-86 Sampler EB
Sketch of Location
On
Description 
Quadrangle Garrison 15* 
Section 30 
T _9_ N, R W 
sw 1/4 ne 1/4 sw 1/4
River Km 59.0
Notes: Double railroad bridge s of Garrison. Access on e 1-90.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number cfl5 Date 7-26-86 Sampler EB
Sketch of Location Description 
Quadrangle Garrison 15'
Section 23_
T g_ N, R ̂  W 
ne 1/4 se 1/4 se 1/4
River Km 65.0
Notes: South of Garrison. Iron-framed county road bridge Approx. lOni upstream.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Date 5-9-87 Sampler EB
Sketch of Location Description 
Quadrangle Garrison 15
Section _9_
N, R W 
nw 1/A nw l/A nw 1/4
River Km 74.7
Notes: County road bridge at Phosphate exit on 1-90. Approx. 10m upstream from bridae.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number cf 17 Date 5-9-87 Sampler PR
Sketch of Location Description 
Quadrangle Garrison 15' 
Section 25 
T iO N, R I X W  
SW 1/4 nw 1/4 se 1/4
River Km 82.2
Notes: County road bridge at Gold Creek, approx. 40m upstream .
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Cfl8 Da te 7-26-87
Sketch of Location
ct///
Sampler EP
Description 
Quadrangle Drummond 15' 
Section 29 
T N, R n_ W 
ne 1/4 sw 1/4 ne 1/4
River Km 90.7
Notes: County road bridge, at Jens exit on 1-90. Reducing sediment behind bar on upstream side of bridge.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cfl9 Date 7-26-86 Sampler ___
Sketch of Location
see above
Description 
Quadrangle Drummond 16' 
Section 29
T in. N, R 11 w
ne 1/"̂  sw ne 1/4 
River Km qn.7
Notes: game general location as above. Downstream from bridge , at end of small 
bar.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf20 Date 5-9-86 Sampler ED
Sketch of Location Description 
Quadrangle Drummond 15' 
Section 31 
T n_ N, R 1^ w 
se 1/4 nw 1/4 se 1/4
River Km H Q.8
Notes: US lOA bridge s of Drummond. Sample behind a small rock approx. 20m upstream from bridge.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf21 Date 7-26-86
Sketch of Location
Sampler ËB
Description 
Quadrangle Drummond 15' 
Section 21 
T 11 N, R 11 W 
nw l//ine i/Anw 1/4
River Km 121.6
Notes: Railroad bridge near 
1-90.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf22 Date 7-26-86 Sampler EB
Sketch of Location
par K
M l
1
%  -
1 I
- -1-.— J- ...---------------------------
Description 
Quadrangle Bearmouth 15'
Section 24__
T LL N, R Ü  W 
ne 1/4 se 1/4 ne 1/4
River Km 144-4
Notes: County road bridge at Bearmouth exit on 1-90. Approx. 20m upstream from 
bridge.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number cf23 Da te 3-86 Sampler J. Moore
Sketch of Location
t
Description 
Quadrangle Ravenna 15' 
Section 11 
T U _  N, R 1^ W 
se 1 /4 nw 1 /4 nw 1 /4
River Km 158.3
Notes: Sample collected by J.Moore during high flow.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Date 7-26-86 Sampler EU
Sketch of Location
see sketch for
D e scr ip t io n  
Quadrangle Râvenna 15'
Sect ion W___
T n _  N, R 1_  ̂ U 
se 1/'̂  sw 1/4 se 1/4
River  Km 161 .5
Notes: Beavertail 14 il 1recreation area. Approx. 20m downstream from bridge.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Locat ion  number cf25 Date 3-86
Sketch o f  Locat ion
Sampler J. Moore 
D escr ip t ion  
Quadrangle Ravenna 15 
Sect ion 12 
T _n N , R U. " 
ne 1/4 S W  1/4 ne 1/4
River  Km ^^7.7 
Notes :
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Date 10-13-86 Sampler EB
Sketch of Location Description 
Quadrangle RâVGnnâ 15'
Section 2̂__
T N, R 17_ w 
ne 1/4 sw 1/4 ne 1/4
River Km 167.7
Notes: Same location as cf25.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number cf27 Date 3-86__  Sampler J. Moore
Sketch of Location
t
Description 
Quadrangle Bonner 7.5'
Section _1__
T 12, N, R 1£ W 
SW 1/4 nw 1/4 ne 1/4
River Km 187.6
Notes: Bridge at Turah. Sample collected by J. Moore during high flow.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf28 Date 8-16-86 Sampler EB
Sketch of Location Description 
Quadrangle Bonner 7.5'
Section J.___
T _12 N, Rl_^ W 
SW 1/4nw 1/4 ne 1/4
River Km 187.6
Notes: same location as cf27.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf29 Da te 3-86
Sketch of Location
Sampler J. Moore
Description 
Quadrangle SE Missoula 7.5' 
Section 26 
T _13 N, R 9 _  W 
ne 1/4 ne 1/4 ne 1/4
River Km 200.9
Notes: Sample collected by J, 
Moore during high flow. Downstream from Mi 11 town Dam.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number cf30 Date 3-86 Sampler J. Moore
Sketch of Location Description 
Quadrangle SE Missoula 7.5' 
Section 22 
T _13 N, R11_W 
se 1/4sw 1/4 ne 1/4
River Km 203-0
Notes: Sample collected by J, Moore during high flow. At footbridge on UM campus in Missoula •
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Date
Sketch of Location
Sampler
Description
Quadrangle ________
Section ____
T __ N, R __ W
1/4 1/4 1/4
River Km ___
Notes:
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number 1bf1 Date 7-26-86 Sampler ED
Sketch of Location Description 
Quadrangle Garrison 15' 
Section 24 
T 9_ N, R W 
se 1/4 nwi/4 nei/4
River Km 0.6
Notes: At 1-90 bridge overLittle Blackfoot. Approx. 40m upstream.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number 1bf2 Date 7-26-86 Sampler ED
Sketch of Location Description
Quadrangle Avon 15'_ _ _
Section 15 
T _9_ N, R 9_ w 
ne 1/4ne 1/4 swl/4
River Km 8.1
Notes: County road bridge in section 15, downstream from Meade Creek.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number 1bf3 Date 8-16-86 Sampler EB
Sketch of Location Description 
Quadrangle Avon 15' 
Section 15 
T 9_ N, R 9_ W 
ne 1/4 ne 1/4 sw 1/4
River Km 8.1
Notes: Same location as
lbf2.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number 1bf4 Date 8-16-86 Sampler ED
Sketch of Location Description 
Quadrangle Avon 15' 
Section 15 
T _i. N, R 9_ W 
ne 1/4 nel/4 swl/4
River Km 8.1
Notes: Same location as
lbf2.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number 1 bf5 Date 8-5-86 Sampler EB
Sketch of Location Description 
Quadrangle Avon 15' 
Section
T N, R 9_ W
se I/A se 1/4 sw 1/4
River Km 11.9
Notes; US 12 bridge at George Gulch.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number lbf6 Date 8-5-86 Sampler EB
Sketch of Location Description 
Quadrangle Avon 15' 
Section 36 
T 10. N, R 9_ W 
se 1/4 se1/4 ne 1/4
River Km 17.2
Notes: Iron and wood county road bridge in section 36, visible from US 12.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number 1 bf7 Date 8-5-86 Sampler EB
Sketch of Location Description 
Quadrangle Avon 15' 
Section 28 
T ^  N, R ̂  W 
nw i/z, nwi/4 ne 1/4
River Km 23.8
Notes: US 12 bridge inSection 28.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Date
Sketch of Location
Sampler
Description
Quadrangle ________
Section ____
T __ N, R __ W
1/4 1/4 1/4
River Km _____
No tes :
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number fcl Date 5-9-86 Sampler EB
Sketch of Location
f
Description 
Quadrangle Drummond 15' 
Section 10
T  io_ N, R  n _  W
ne 1/4 nw1/4 se 1/4
River Km 3.4
Notes: County road bridgewest of New Chicago.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number fc2 Date 7-30-86 Sampler EB
Sketch of Location Description 
Quadrangle Drummond 15' 
Section 18 
T 1^ N, R 13. W 
ne 1/4 nw 1/4 se 1/4
River Km 3.4
Notes; Same location as above.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number fc3 Date 7-30-86 Sampler EB
Sketch of Location Description 
Quadrangle Drummond 15* 
Section 25 
T 10_ N, R 13, W 
S W  1/4 S W  1/4 se 1/4
River Km 13.7
Notes: County road bridge east of Hall, approx. 20m upstream.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number fc4 Date 7-30-86 Sampler EB
Sketch of Location Description 
Quadrangle Drummond 15* 
Section 10 
T 9_ N, R 11 W 
nel/4 swl/4 swl/4
River Km 29.6
Notes: Bridge on unimproved dirt road east of Sherryl, approx. 20m upstream.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number fc5 Date 7-30-86 Sampler EB
Sketch of Location
iĉjod c, rJ 0/
J
If
L, ....
Description 
Quadrangle Drummond 15' 
Section 28 
T _9_ N, R 13. W 
ne 1/4 sw 1/4 se 1/4
River Km 57.7
Notes: County road bridge west of Stone.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Date
Sketch of Location
Sampler
Description
Quadrangle ________
Section ____
T __  N, R __ W
1/4 1/4 1/4
River Km _____
Notes :
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number bf 1 Date 7-27-86 Sampler EB
Sketch o f  Locat ion D e s c r ip t io n  
Quadrangle Blue Point 7.5' 
Sect ion 22 
T 1 2  N, R ^  W 
ne l/4te 1/4 nw 1/4
River  Km 3.0
Notes: River left, behindlarge bar visible on Blue Point tope. map.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Locat ion  number b f 2 Date 3 - j 5 - 8 6 Sampler pg
Sketch of  Locat ion D e scr ip t io n  
Quadrangle Blue Point 7.5' 
Sect ion 14 
T 1 ^  N, R 1^  W 
SW 1/4 nw 1/4 swl/4
River  Km 3.8  
Notes ;
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number bf3 Date 7-27-86 Sampler EB
Sketch of  Locat ion
B  Je, c K j-
 0-
Aouf-e X o o
D e s c r ip t io n  
Quadrangle Blue Point 7.5' 
Sect ion 13 
T 13_ N, R ^  W 
nw 1/4 nei/4 nei/4
River  Km 6 .6
Notes: Marco Flats Fishing Access.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Locat ion  number bf4 Date 7 -27 -8 6  Sampler EB
Sketch o f  Locat ion D e scr ip t ion  
Quadrangle Blue Point 7.5' 
Sec t lon  8__
T 1 2  N, R 17. "
se 1/A swi/4 swi/A 
River  Km 9. 4
Notes: Route 200 bridge insection 8, approx. 50m upstream.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
99
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number bf5 Date 7-27-86 Sampler EB
Sketch of Location Description 
Quadrangle Blue Point 7.5'
Section _9___
T /D N, R 1 ^  W 
SW 1/4 nwl/4se 1/4
River Km 10.6
Notes;Rest Area on Route 200 - Angevine Park Picnic Area.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Da te
Sketch of Location
Sampler
Description
Quadrangle ________
Section ___
T __ N, R __ W
1/4 1/4 1/4
River Km _____
Notes:
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Appendix 1 Table A. Particle Size Data (% total 
mass of sample - size ranges in urn).
Sample // Rlv. Rn >1000 1000-300 300-63 <63 63-38 38-17 17-4 < 4
wsc2 -1.3 4.20 17.37 68.14 10.10 7.47 1.63 0.86 CL14
cfl -0.3 2.22 53.41 40.67 3.00 2.19 (X55 0.21 0.04
cf2 0 0.03 51.18 47.02 1.29 ND ND ND ND
cf3 2.2 0.24 54.79 41.24 3.58 2.91 0.37 0.15 (X15
cf4 2.7 1.78 10.45 71.06 16.44 12.60 2.26 0.79 0.78
cf5 9.8 0.07 1.99 58.41 39.T3 27.68 6.68 2.64 2.13
of 6 10.5 0.54 41.81 50.15 7.12 5.14 1.19 0.50 (X29
cf7 21.7 13.07 48.07 31.08 7.20 4.!% 1.72 0.57 0.34
cf8 26 10.83 82.09 6.35 0.54 (X36 (%15 0.01 0.02
cf9 34.8 0.11 20.69 76.24 2.78 1.88 0.56 0.23 (%12
cflO 38.8 0.12 35.33 63.81 0.57 0.41 0.12 0.02 0.04
cfll 38.8 17.41 29.93 40.27 12.05 7.95 2.50 1.50 0.13
cfl2 49.5 1.39 28.66 64.03 5.87 4.81 0.71 0.24 0.11
cfl3 49.5 0.21 4.26 67.17 27.33 17.75 6.38 2.55 0.65
cfl4 59 7.65 13.03 67.42 11.54 9.44 1.47 0.36 0.27
cfl5 65 0.04 5.42 84.69 9.95 8.09 1.24 0.44 0.19
cfl6 74.7 39.87 24.57 21.75 11.91 6.36 3.78 1.35 0.42
cfl 7 82.2 2.37 3.89 50.91 42.45 23J0 11.55 4.18 3.02
cfl8 90.7 0.38 11.02 65.36 22.23 1&J8 3.20 2J^ 0.75
cfl9 90.7 2.20 32.16 60.82 4.28 3.46 0.52 0.25 0.06
cf20 110.8 0.19 46.99 44.33 8.16 6JJ 1.08 0.75 0.20
cf21 121.6 0.15 2.48 39.41 57.96 45.21 7.11 4.08 1.56
cf22 144.4 0.00 15.75 80.66 2.35 1.91 0.16 0.21 0.07
cf23 158.3 1.10 8.68 73.23 15.47 8.57 4.65 1.89 CL36
cf24 161.5 1.84 71.47 22.40 3.91 2.88 0.64 0.23 0.16
cf25 167.7 0.25 2.20 69.82 27.19 20.55 4.65 1.65 0.34
cf26 167.7 11.70 75.10 11.13 L79 1.05 0.42 0.22 0.10
cf27 187.6 0.07 1.42 72.46 25.94 7.69 3.54 14.48 0.23
cf28 187.6 0.11 1.79 67.62 29.33 22J4 5.12 1.78 0.39
cf29 2019 0.01 0.16 94.40 5.48 4.89 0.34 0.20 0.05
cf30 203 0.07 1.61 82.30 14.94 10.56 2.73 0.90 0.74
bfl 3 0.25 38.82 59.32 1.43 1.04 (L32 0.05 0.02
bf2 3.8 1.13 31.13 49.25 17.97 15.01 1.95 0.78 0.22
bf3 6.6 0.21 2.38 69.19 28.CW 27.01 1.13 0.13 0.00
bf4 9.4 0.17 4.06 78.42 16.51 13.49 1.76 3.18 0.00
bf5 10.6 0.18 6.38 50.29 42.U 31.36 7.86 3.02 0.00
fcl 3.4 36.38 24.79 25.59 12.55 7.56 3.54 L27 0.38
fc2 3.4 0.39 3.16 22.47 73.91 63.01 3.51 4.38 3.00
fc3 13.7 0.10 0.77 33.07 65.20 45.58 <L13 7.07 3.41
fc4 29.6 0.66 27.95 49.50 21.62 16.87 3J8 1.01 0.55
fc5 57.7 0.62 15.15 66.54 17.54 15.38 1.23 0.48 0.45
Ibfl 0.6 8.48 82.77 7.70 0.69 0.40 0J8 0.10 0.01
lbf2 8.1 2.95 55.05 35.70 6.12 5.02 0.88 (X25 0.00
lbf3 8.1 12.23 85.22 2.08 0.33 0.21 0.08 0.03 0.01
lbf4 8.1 3.02 39.89 47.96 7.83 5.66 1.40 (%52 0.26
lbf5 11.9 2.52 32.11 60.48 4.60 3.35 0.86 0.32 0.07
lbf6 17.2 3.09 48.40 44.65 3.59 2.96 0.52 0.23 0.00
lbf7 23.8 2.01 70.41 27.27 0.24 ND ND ND ND
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Appendix 1 TAble B. Total Metals Bata (ug/g) 101
for Bulk Samples. *= wt. %, ** = avg. of duplicate.
Sample // Al* As ca* Cd Cu Fe* Mg* Mn Na*
wsc2 6.17 155 3.68 2.5 418 2.8 0.91 1634 1.53
cfl** 5.52 21 2.28 <1.1 131 1.5 0.80 1810 1.48
cf2 6.15 94 3.58 <1.1 262 1.7 0.70 979 1.74
cf3 6.08 101 2.92 <1.1 261 2.0 0.75 1745 1.68
cf4 6.15 202 3.19 2.0 581 3.5 1.01 1980 1.48
cf5 6.34 4.21 6.3 1006 3.1 1.08 3435 1.38
cf6 6.21 74 2.50 1.8 414 2.3 0.60 2032 1.63
cf7 6.86 93 2.09 1.2 266 1.6 0.44 1570 1.86
cf8 6.33 1.87 <1.1 142 1.6 (b27 1486 1.84
cf9 6.84 36 1.87 1.7 179 2.3 0.42 1247 2.02
cflO 6.52 31 1.83 1.4 159 2.1 0.33 1052 1.96
cfll 6.76 51 2.05 1.1 294 2.3 Ck55 1299 1.73
cfl2 6.62 46 2.17 <1.1 235 2.9 0.51 1204 1.84
cfl3 6.09 82 2.58 3.3 637 2.7 0.72 1022 1.48
cfl4 6.67 56 2.04 <1.1 336 2.4 0.61 913 1.83
cfl5 6.45 39 1.88 <1.1 225 2.2 0.72 765 1.67
cfl6 5.75 54 1.91 1.5 348 2.4 0.63 1131 1.30
cfl7 6.17 84 2.42 2.5 593 2.9 0.93 1182 1.23
cfl8** 6.13 26 1.93 1.4 372 2.4 0.63 996 1.41
cfl9 6.45 14 1.75 <1.1 150 1.9 0.53 828 1.53
cf20 6.00 26 1.62 <1.1 178 1.8 0.48 937 1.28
cf21 6.03 52 2.26 2.2 599 2.7 0.87 953 1.16
cf22 5.98 BD 1.55 <1.1 85 1.5 0.43 552 1.65
cf23** 6.07 26 1.97 1.8 335 2.0 0.67 980 1.47
cf24 5.64 BD 1.14 <1.1 92 1.2 0.35 808 1.36
cf25 5.96 27 2.36 <1.1 325 2.2 0.75 1042 1.27
cf26 5.51 BD 1.28 <1.1 73 1.2 0.33 459 1.23
cf27 6.02 35 2.53 2.5 313 2.2 0.77 1094 1.09
cf28 5.68 20 1.58 1.3 279 2.1 0.66 789 1.10
cf29** 5.37 BD 1.23 <1.1 101 1.4 0.44 354 1.35
cf30 5.87 14 L78 2.1 212 1.9 0.63 694 1.09
bfl 4.11 1.33 <1.1 14 2.2 1.02 308 0.74
bf2 4.28 1.50 <1.1 20 2.4 1.06 267 0.77
bf3 4.04 1.66 <1.1 10 1.9 0.93 213 0.65
bf4 4.29 1.67 <1.1 21 2.4 0.98 413 0.66
bf5 4.62 2.00 <1.1 19 2.4 1.00 369 0.67
fcl 5.44 1.21 <1.1 19 1.9 0.64 1560 0.83
fc2 5.04 2.06 <1.1 60 2.3 0.89 3796 0.70
fc3 5.32 2.11 <1.1 87 2.6 0.90 3935 0.81
fc4 5.31 1.73 <1.1 49 1.9 0.68 3215 1.03
fc5 5.04 1.65 <1.1 60 1.8 0.64 5760 1.02
Ibfl 6J 2 0.96 <1.1 10 1.8 0.47 411 1.65
lbf2 6.24 1.30 <1.1 15 2.0 0.59 319 1.66
IbfS 6.28 1.02 <1.1 5 1.7 (%43 407 1.58
lbf4 5.71 1.53 <1.1 14 2.1 0.69 358 1.48
lbf5 6.11 1.63 <1.1 16 2.2 (%69 421 1.71
lbf6 5.99 1.41 <1.1 13 1.9 0.59 498 1.67
lbf7 6.41 1.33 <1.1 11 2.1 0.53 267 1.83
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Appendix 1 Tkble B continued.
Sanf»le // Ni Pb P* Ti Zn
wsc2 <3.3 65 0.06 1545 966
cfl** 8.5 32 0.04 1215 127
cf2 8.0 86 0.04 1037 577
cf3 7.8 93 0.04 1274 523
cf4 15.0 141 0.07 2066 851
cf5 15.9 181 0.10 2192 1536
cf6 10.7 101 0.05 1429 658
cf7 7.4 66 0.04 1463 496
cf8 16.7 49 0.03 1700 389
cf9 12.8 62 0.05 2261 339
CflO 8.2 68 0.04 2015 316
cfll 16.6 82 0.06 2056 515
cfl2 13.8 86 0.06 2975 555
cfl3 16.1 100 0.07 2477 949
cfl4 13.8 73 0.06 2340 640
cfl5 18.8 58 0.06 2093 3%
cfl6 15.4 61 0.07 2141 619
cfl7 20.2 102 0.10 2581 805
cfl8** 22.0 102 0.08 2533 634
cfl9 17.4 80 0.06 2031 377
cf20 1A 8 83 0.05 1789 433
cf21 22.2 126 0.09 2726 972
cf22 14.2 50 0.05 1545 304
cf23** 17.0 73 0.06 2070 590
cf24 12.1 52 0.04 1249 316
cf25 2L9 91 0.07 2227 729
cf26 11.8 53 0.05 1241 144
cf27 19.5 82 0.08 2232 762
cf28 18.8 69 0.07 2013 638
cf29** 12.0 46 0.04 1458 424
cf30 17.9 60 0.06 1954 741
bfl 12.9 11 0.03 2743 43
bf2 15.3 40 0.04 2513 7
bf3 11.8 9 0.04 2205 39
bf4 15.1 33 0.05 3206 6
bf5 17.3 48 0.06 2334 17
fcl 9.7 55 0.05 1602 185
fc2 15.3 167 0.10 2327 548
fc3 14.5 310 0.09 2121 861
fc4 12.8 185 0.07 1582 493
fc5 10.0 258 0.06 1431 757
Ibfl 1^^ 41 0.05 1860 18
lbf2 17.0 45 0.06 2145 32
lbf3 13.0 13 0.05 1919 58
lbf4 17.3 22 CL06 2394 77
lbf5 18.8 45 0.06 2454 44
lbf6 16.3 41 0.06 2102 25
lbf7 15.3 51 0.06 2229 32
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Appendix 1 Table C. Total metals (ug/g) in sand and 
mud fractions. *= wt. %, **=avg. of duplicate.
< 63 microns (mud)
Sample // Rlv. Km Al* Ca* Cd Cu Fe* Mg* Mn Na*
wsc2 -1.3 4.56 2.15 3.2 901 3.2 1.44 4965 0.75
cfl -0.3 4.27 5.35 14.2 1337 3.6 1.49 4505 0.79
cf2 0 3.23 13.09 10.8 1267 2.8 3.06 4644 0.50
cf3 2.2 3.47 3.31 10.3 1356 3.7 1.61 6716 Cb80
cf4 2.7 5.52 3.92 8.0 1622 3.8 1.43 4731 0.82
cf5 9.8 2.95 1.97 9.4 1520 3.4 0.93 4319 0.90
cf6 10.5 5.52 3.92 8.0 1622 3.8 1.43 4731 0.82
cf7 21.7 5.58 2.55 11.3 1782 3.9 1.08 8242 0.88
cf8 26 4.31 2.46 27.9 2050 3.7 1.06 6681 0.78
cf9 34.8 7.87 2.08 4.8 781 4.4 1.07 2685 0.93
cflO 38.8 5.11 4.48 9.3 1303 3.0 1.18 5265 0.85
cfll 3&8 6.78 2.68 5.6 1107 4.1 1.08 2233 0.91
cfl2 49.5 6.34 2.77 9.3 1241 4.0 1.04 4764 0.96
cfl3 49.5 6.14 3.12 9.5 1490 4.0 1.00 2203 0.88
cfl4 59 6.25 2.64 5.9 1250 3.8 0.95 2195 1.07
cfl5 65 6.83 2.10 5.6 826 4.0 1.07 2658 0.81
cfl6 74.7 6.69 2.46 5.1 1193 3.9 1.11 2967 1.02
cfl7 82.2 6.52 2.77 4.5 1008 3.7 1.02 2039 0.83
cfl8 90.7 6.69 2.76 6.9 1059 3.8 1.07 2244 (X78
cfl9 90.7 6.79 2.28 5.0 624 3.7 1.07 2675 0.78
cf20 110.8 6.81 2.34 5.8 794 3.7 1.09 3797 0.70
cf21** 121.6 6.40 2.40 5.0 876 3.3 1.02 1180 0.91
cf22 144.4 6.10 2.29 6.2 666 3.0 1.00 3415 0.88
cf24 161.5 6.00 2.61 4.0 554 3.0 1.03 2441 0.91
cf26 167.7 5.69 3.56 11.1 722 3.0 0.99 2906 0.70
cf28 187.6 5.98 1.64 4.0 473 2.8 0.92 1097 0.94
lbf4 8.1 6.70 1.87 <1.1 47 3.3 1.06 580 0.99
fc4 29.6 5.85 1.94 1.8 66 2.7 1.01 2009 0.81
bf2 3.8 5.18 2.55 1.1 28 2.4 1.23 272 0.70
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Appendix I Tàble C continued.
> 63 microns (sand)
Ni Pb P* Ti Zn Al* Ca* Cd Cu
wsc2 32.7 107 0.10 2917 420 5.14 1.96 <1.1 143
cfl 23.2 218 0.15 1942 2059 5.65 3.16 1.5 320
cf2 18.3 167 CblO 1478 1874 5.78 3.03 2.4 266
cf3 26.7 194 0.14 2376 1659 6.16 2.81 <1.1 209
cf4 24.5 225 0.14 2521 1771 5.66 2.07 <1.1 257
cf5 21.9 214 0.14 2427 1746 6.23 3.02 5.1 787
cf6 24.5 225 0.14 2521 1771 5.89 1.93 <1.1 190
cf7 26.3 239 0.13 3025 1950 6.84 1.87 <1.1 136
cf8 22.1 216 0.12 2671 2562 6.27 1.57 <1.1 157
cf9 37.8 117 0.10 3783 960 6.84 1.67 <1.1 184
CflO 19.9 171 0.12 2527 1530 5.89 1.93 <1.1 190
cfll 31.5 182 0.12 3236 1325 6.33 1.37 <1.1 190
cfl2 29.7 215 0.15 3302 1760 6.34 1.74 <1.1 219
cfl 3 24.7 239 0.13 3080 2032 6.63 2.32 2.2 441
cfl4 26.3 196 0.16 3495 1729 6.37 1.91 <1.1 287
cfl5 31.9 174 0.13 3349 1085 6.32 1.70 <1.1 127
cfl6 33.8 156 0.12 3271 1363 5.69 1.70 <1.1 137
cfl 7 23.7 164 0.14 3099 1226 6.06 2.35 3.3 656
cfl8 27.2 189 0.13 3218 1549 5.94 1.61 <1.1 159
cfl9 32.7 115 0.11 3288 1110 6.24 1.57 <1.1 115
cf20 28.8 196 (XI2 3142 1515 5.75 1.42 <1.1 112
cf21** 23.3 168 0.10 2993 1361 5.93 2.12 4.1 489
cf22 26.1 162 (blO 2697 1416 6.11 1.73 <1.1 86
cf24 22.0 122 O.Il 2798 1297 5.70 1.11 1.6 81
cf26 27.2 153 0.11 2537 1367 5.27 0.90 <1.1 43
cf28 19.2 102 0.09 2541 992 5.29 1.45 2.2 284
lbf4 25.9 63 0.11 3535 154 6.52 1.34 <1.1 18
fc4 17.7 203 0.11 2746 692 4.99 1.59 1.2 58
bf2 17.5 24 0.07 2574 25 4.14 1.50 <1.1 21
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Appendix 1 Table C continued.
Fe Mg* Na* Ni Pb P* Ti Zn
wsc2 1.2 0.64 1850 1.40 13.8 42 0.03 1127 114
cfl 2.3 0.84 1266 1.50 12.1 101 0.05 1454 690
cf2 1.7 0.61 840 1.53 10.8 93 0.04 1126 483
cf3 1.9 0.60 1718 1.61 13.8 101 0.05 1210 500
cf4 3.1 0.56 896 1.55 10.3 75 0.04 1658 418
cf5 2.8 0.80 2614 1.40 19.5 163 0.08 2129 1180
cf6 1.3 0.38 1453 1.80 13.0 60 0.03 1144 372
cf7 1.4 0.29 1173 L 88 10.2 64 0.04 1175 307
cf8 1.4 0.25 1294 1.69 9.9 57 0.04 1200 336
cf9 2.0 0.36 1128 2.04 14.0 58 0.05 2186 349
CflO 1.3 0.38 1453 1.80 13.0 60 0.03 1144 372
cfll 1.5 0.34 1040 L76 18.3 66 0.04 1441 378
cfl2 2.8 0.37 1046 1.89 14.4 66 0.05 3277 470
cfl3 2.4 0.57 830 L84 17.0 69 0.06 2556 719
cfI4 2.2 0.53 850 1.75 16.0 71 0.06 2323 624
cfl 5 1.9 0.61 616 1.73 16.0 42 0.06 1915 300
cfl6 2.1 0.61 619 1.51 18.2 42 0.06 2240 348
cfl7 2.8 0.84 1202 L29 22.0 90 0.10 2531 849
cfl8 1.8 0.50 591 1.62 13.0 43 0.06 1888 365
cfl9 1.5 0.42 656 1.44 13.0 47 0.04 1401 343
cf20 1.5 0.39 765 1.38 13.0 48 0.04 1507 311
cf21** 2.6 0.81 891 1.25 22.0 112 0.08 2490 898
cf22 1.7 0.50 558 1.68 12.0 43 0.05 1821 321
cf24 1.1 0.33 734 1.47 12.0 47 0.04 1099 283
cf26 1.1 0.32 294 1.35 9.0 31 0.03 1107 89
cf28 1.7 0.57 616 L32 14.0 41 0.05 1726 503
lbf4 2.3 0.55 423 1.56 20.0 46 0.06 2300 83
fc4 1.9 0.69 3415 0.96 11.0 184 0.06 1523 578
bf2 2.0 1.03 209 0.74 15.0 15 0.03 1823 49
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Appendix 1 Table D. Total metals in size-fractionated 1986 sanples 2 06
(ug/g), %, **=avg. of duplicate.
Sample; cfl
M* Ca* Cd Cu Fe* f!g* Mn Na* Ni
>300 urn 5.65 2.52 <1.1 380 1.9 0.57 1480 1.40 13.6
300-63** 5.46 3.14 2.6 375 3.1 0.81 1420 1.43 16.5
63-38 5.17 4.64 6.2 859 3.9 1.32 2804 1.20 19.0
38-17 4.21 5.43 14.3 1410 4.0 1.46 4719 0.87 23.1
17-4 4.17 6.44 23.4 1745 3.8 1.74 5742 0.54 26.1
<4 3.81 8.09 41.3 2805 4.1 1.93 6240 0.20 29.6
Sample: cf3
>300 urn 5.92 2.35 1.2 283 1.8 0.58 1849 1.70 12.5
300-63 5.09 2.22 2.8 322 2.3 0.73 1468 1.46 10.2
63-38 3.61 2.25 3.3 588 2.8 1.16 2363 1.17 53.9
38-17 3.15 2.80 8.4 1054 3.2 1.52 6498 0.98 23.9
17-4 3.45 3.70 14.8 1573 3.6 1.78 10862 0.63 33.6
<4 3.89 6.12 22.0 2666 4.3 2.02 9458 0.22 40.1
Sample: cf6
>300 urn 5.87 1.71 <1.1 210 1.3 0.34 1808 1.66 12.0
300-63 6.26 2.40 2.0 378 2.1 0.57 1849 1.75 14.0
63-38 4.24 3.80 6.6 788 2.8 1.19 3831 1.22 20.0
38-17 4.57 5.34 7.3 1074 3.0 1.21 5388 1.00 2L 0
17-4 3.76 3.58 12.4 1655 3.6 1.26 7194 0.68 25.0
<4 3.85 2.64 25.8 2627 3.9 1.24 6876 0.15 32.0
Sample: cf7
>300 im 6.53 1.47 <1.1 159 l.I 0.27 855 1.90 9.0
300-63 7.24 2.27 3.0 288 1.9 0.50 1396 2.13 10.5
63-38 6.04 3.22 9.3 905 3.0 0.97 4026 1.43 21.0
38-17 5.91 3.44 11.3 1537 3.5 1.12 6411 1.06 32.0
17-4 6.51 3.07 14.0 1927 4.0 1.26 7412 0.81 56.0
<4 7.14 2.50 21.4 3996 5.0 1.46 10279 0.28 60.0
Sample: cfl4
>300 urn 6.40 1.68 1.3 311 1.9 CL42 1091 1.61 16.0
300-63 6.96 2.36 <1.1 272 2.7 0.60 806 1.84 19.0
63-38 /L73 1.53 3.9 680 3.5 0.74 1629 1.26 25.0
38-17 6.15 3.09 6.3 1095 3.6 0.98 1858 1.10 26.0
17-4 5.95 1.6/, 10.5 1743 4.2 1.11 3047 0.79 33.0
<4 6.22 1.53 21.4 3144 5.3 L29 3980 0.22 40.0
Sample: cfl6 „
>300 urn 6.22 1.59 <1.1 157 2.2 0.48 620 1.56 16.0
3004% 6.01 2.04 3.1 %K) ^0 &J2 1270 14W. X).0
63-38 5.70 3.00 5.8 762 3.1 0.96 2250 1.10 26.0
38-17 5.54 2.75 6.6 873 3.1 0.94 2230 1.02 26.0
27-4 5.99 2.48 10.0 1076 3.4 1.03 2512 0.84 30.0
<4 6.38 1.84 23.9 1897 4.2 1.10 5159 0.26 37.0
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Appendix 1 ïhble D continued. jq7
Sanç)le: cfl
Pb P* Ti Zn
>300 urn 93 0.05 1295 593
300-63** 148 0.06 1684 865
63-38 208 0.14 2258 1582
38-17 225 0.16 2196 2294
17-4 269 0.17 2201 2886
<4 387 0.19 1589 3978
Sample: cf3
>300 um 74 0.04 1344 447
300-63 84 0.05 1516 509
63-38 107 0.10 2185 854
38-17 151 0.12 2362 1396
17-4 202 0.12 2505 2102
<4 310 0.16 1996 2719
Sanple: cf6
>300 um 60 0.03 932 498
300-63 87 0.05 1574 623
63-38 115 0.12 2258 1113
38-17 145 0.12 2241 1464
17-4 206 0.12 2699 1949
<4 278 0.13 1969 2548
Sample: cf7
>300 um 61 0.03 1136 253
300-63 88 0.04 1741 484
63-38 146 0.12 2813 1242
38-17 211 0.13 2933 1959
17-4 284 0.11 3410 2615
<4 437 0.13 3047 3582
Sample: cfl4
>300 umWc 91 0.05 1909 553
300-63 89 0.07 2805 609
63-38 177 0.15 3344 1396
38-17 186 0.14 3382 1695
17-4 275 0.12 3697 2312
<4 463 0.16 3096 3449
Sample: cfl6
>300 um 49 0.06 1875 501
300-63 89 0.09 3037 687
63-38 133 0.12 2758 1151
38-17 137 (%12 2952 1236
17-4 167 0.12 3115 1489
<4 313 0.17 2492 2164
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Sample: cf24
Al* Ca* Cd Cu Fe* Mg* Mn Na* Ni
>300 um 5.80 1.13 1.8 73 1.1 0.31 730 1.46 15.0
300-63 6.00 1.69 <1.1 122 1.5 0.47 789 1.62 14.0
63-38 5.36 2.30 3.6 381 2.5 0.87 1559 1.16 27.0
38-17 5.41 2.46 3.2 457 2.7 0.91 1825 1.06 24.0
17-4 5.79 2.27 6.9 627 3.3 1.05 3067 0.76 33.0
<4 6.69 1.92 8.1 953 4.3 1.24 3755 0.25 39.0
Sanple: 
>300 um
lbf4
6.47 1.24 <1.1 17 2.1 0.56 422 1.55 20.0
300-63 5.71 1.42 <1.1 20 2.4 0.62 396 1.47 27.0
63-38 6.23 2.61 <1.1 26 2.7 0.97 437 1.35 28.0
38-17 1.45 1.51 2.8 37 2.3 0.70 328 0.03 25.0
17-4 7.08 1.73 2.6 69 3.7 1.10 812 0.87 41.0
<4 7.74 1.37 3.4 96 4.6 1.17 1064 0.23 43.0
Sample: 
>300 um
fc4
5.21 1.44 <1.1 43 1.5 0.48 4001 1.11 11.0
300-63 5.02 1.90 <1.1 66 2.2 0.82 3785 0.86 12.0
63-38 4.41 1.07 1.6 59 2.3 0.77 2284 0.96 22.0
38-17 4.50 1.03 <1.1 62 2.8 0.72 1811 0.89 22.0
17-4 6.63 2.15 2.8 87 3.4 1.17 1920 0.66 29.0
<4 8.30 2.04 10.1 157 4.9 1.44 2550 CL16 38.0
Sample; 
>300 um
bf2
4.44 1.10 <1.1 18 1.9 0.98 183 0.82 18.0
300-63 3.66 1.44 <1.1 24 2.7 1.07 315 0.65 19.0
63-38 4.10 1.63 <1.1 21 1.9 0.92 197 0.82 30.0
38-17 3.67 1.62 <1.1 21 2.2 1.06 249 0.78 16.0
17-4 4.84 2.13 1.5 43 2.9 1.49 362 0.64 30.0
<4 7.82 1.75 2.9 113 4.0 1.76 424 0.22 37.0
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Sample; cf24
Pb P* Ti Zn
>300 um 38 0.03 1101 252
300-63 38 0.04 1509 399
63-38 94 0.10 2636 953
38-17 108 0.11 2904 1050
17-4 160 0.11 3125 1575
<4 184 0.13 3013 2177
Sample: lbf4
>300 um 34 0.06 2112 57
300-63 59 0.06 2565 92
63-38 47 0.11 3306 98
38-17 45 0.12 754 152
17-4 83 0.11 3846 297
<4 109 0.11 3236 421
Sample: fc4
>300 um 154 0.04 1175 435
300-63 218 0.07 1805 720
63-38 201 0.12 2449 685
38-17 216 0.15 2900 721
17-4 264 0.13 3419 886
<4 466 0.15 3770 1500
Sample: bf2
>300 um 28 0.03 1196 42
300-63 30 0.04 3116 57
63-38 28 0.05 2130 53
38-17 25 0.08 2861 55
17-4 44 0.09 3083 136
<4 54 CLIO 2988 224
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appendix II - 1987 DATA
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Ill
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number ws Date 9-1-57 Sampler Ei;
Sketch of Location
i^/arX fork
Description 
Quadrangle Anaconda 15'
Sec tlon 18 
T 5__ N, R _9_ W 
se 1/4 ne 1/4 nw 1/4
River Km -0.3 (O)
Notes: At unidentified gauging station. Warm Springs.
CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number dc Date
Sketch of Location
Sampler p|;
Description 
Quadrangle Deer Lodge 15' 
Section 33 
T L_ R _9_ W 
sw 1/4 ne 1/4 ne 1/4
River Km 21.7 (32)
Notes: Uempsey Creek
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number Date 9-7-87 Sampler Eu
Sketch of Location Description 
Quadrangle Deer Lodge 15'
Section _9__
T N, R 9 _  W 
nw 1/A ne 1/A ne 1/A
River Km 34.8 (35)
Notes; 1-90 bridge s. of Deer Lodge
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number g___  Date 8-26-87 Sampler EB
Sketch of Location
IK
Description 
Quadrangle Garrison 15'
Sec tlon 30 
T _9_ N, R 9_ W 
sw 1/A ne 1/A sw 1/A
River Km 59.0 (59)
Notes: Douhle railroad bridges. of Garrison. Access on 
e 1-90.
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CLARK FORK RIVER SEDIMENT SAMPLING FORM
Location number j Date 8-16-87 Sampler CU
Sketch of Location Description 
Quadrangle Drummond 15' 
Section 29 
TlO_ N, R 1J_ W 
ne 1/4sw 1/4 ne 1/4
River Km 90.7 (91)
Notes ; County road bridge at Jens exit on 1-90.
CLARK FORK RIVER SEDIMENT SAMPLING FORM 
Location number tb Date 7-4-87 Sampler EU
Sketch of Location Description 
Quadrangle Uonnsr 7.5' 
Section 1 
T 1^ N, R 18 W 
SW 1/4 nwi/4 n u 1/4
River Km 187.6 (188) 
Notes: Turah Dridoe
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Appendix 2 Table A. Extraction data for bulk 1987 samples (ug/g). 
(#1 and 2 indicate duplicate analysis of sample splits).
Al As Ca Cd Cu Fe K Mg Mn
"Reducible phase" (acetic acid-hydroxylamlne hydrochloride)
ws//l 348.68 17.93 10708.11 1.32 19&45 3067.74 229.13 1211.00 530.46
ws//2 336.64 15.89 12421.95 1.50 2M.65 3027.21 99.30 1140.12 620.04
mean 342.66 16.91 11565.03 1.41 197.55 3047.48 164.22 1175.56 575.25
dc//l 342.93 24.00 7037.59 1.68 162.26 2528.89 209.96 479.20 961.89
dc//2 350.04 25.86 6670.74 1.65 162.69 2549.03 228.72 481.80 920.23
mean 346.49 24.93 6854.17 1.67 162.47 2538.96 219.34 480.50 941.06
sdl//l 332.47 30.86 5973.42 1.86 159.21 2359.15 258.81 411.01 962.23
sdl//2 329.48 29.86 6068.39 1.97 172.45 2374.18 179.18 407.23 1049.04
mean 330.98 30.36 6020.90 1.92 165.83 2366.66 218.99 409.12 1005.64
g//l 384.31 16.01 5889.71 1.50 153.71 2735.49 240.19 416.73 384.59
g#2 418.08 14.00 6522.00 1.94 151.08 2899.78 190.04 457.19 385.16
mean 401.20 15.01 6205.86 1.72 152.40 2817.63 215.12 436.96 384.87
m 347.70 18.04 17333.57 3.00 49.12 2573.55 541.08 854.81 360.90
J//2 487.85 24.89 27014.34 5.07 70.88 3797.09 328.55 1208.58 538.76
mean 417.77 21.46 22173.95 4.03 60.CW 3185.32 434.82 1031.70 449.83
tb//l 233.96 10.00 7657.22 0.84 34.88 1328.66 179.97 488.01 215.31
tb#2 230.00 8.00 7565.80 1.03 36.57 1368.70 80.00 459.40 211.22
mean 231.98 9.00 7611.51 0.93 35.73 1348.68 129.98 473.71 213.27
"Oxidizable phase" 
W l  952.38
(potassium chlorate-HCL) 
51.80 2193.66 0.62 200.83 11416.52 ND 1408.45 105.21
ws//2 1027.81 67.53 2610.53 1.09 179.63 10953.13 ND 1569.61 112.92
mean 990.09 59.67 2402.10 0.86 190.23 11184.82 ND 1489.03 109.06
dc//l 1100.78 21.00 1440.81 0.40 149.66 4231.05 ND 757.25 107.79
dc//2 1103.82 20.88 1327.67 0.47 149.09 3992.84 ND 757.66 97^W
mean 1102.30 20.94 1384.24 0.43 149.37 4111.95 ND 757.45 102.84
sdl//l 1386.62 23.89 1307.68 0.52 150.90 4771.85 ND 950.63 139.17
sdl//2 1358.75 26.88 1450.93 0.62 151.69 4885.23 ND 959.78 143.05
mean 1372.69 25.38 1379.31 0.57 151.29 4828.54 ND 955.21 141.11
g#l 1486.19 23.02 13#h60 0.74 172.89 4102.98 ND 1066.65 89.74
g#2 1452.29 17.00 1379.28 0.59 165.70 4390.08 ND 1054.71 &L72
mean 1469.24 20.01 1374.44 0.67 169.30 4246.53 ND 1060.68 87
j//l 2827.66 36.07 3687.27 1.73 738.65 5688.68 ND 1734.67 120.22
j//2 2951.02 35.84 3810.43 1.63 765.01 6138.19 ND 1818.20 118.47
mean 2889.34 35.96 3748.85 1.68 751.83 5913.43 ND 1776.43 119.34
tb//l 1256.77 lO.CW 1159.79 0.35 120.47 3183.93 ND 898.04 53^J
tb//2 1251.00 7.00 1214.20 0.36 94.95 3029.00 ND 963.10 45^K
mean 1253.89 8.50 1187.00 0.35 107.71 3106.46 ND 930.57 49.72
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Appendix 2 Table A continued.
Na Ni Pb Sb P Si Ti Zn
"Reducible phase" (acetic acid-hydroxylamlne hydrochloride)
ws//l 129.51 (X47 21.72 6.18 69.74 398.29 0.68 291.80
ws#2 148.96 1.11 21.25 3.18 53^2 361.27 0.65 322.76
mean 139.23 0.79 21.4# 4.68 61J# 379.78 0.66 307.28
dc//l 119.98 1.16 3L99 3.60 162.87 487.80 0.35 353.85
dc#2 119.33 1.36 32.92 2.59 15&T1 484.79 0.36 356.14
mean 119.65 1.26 32.45 3.09 160.79 486.29 0.35 354.99
sdl//l 129.40 2.03 38.32 2.89 263.29 463.17 0.37 335.33
sdl#2 129.40 2.24 40.51 2.79 267.57 407.03 0.24 341.64
mean 129.40 2.14 39.42 2.84 265.43 435.10 0.30 338.48
g//l 110.09 1.71 31.02 3.40 2æ.37 513.11 0.34 446.48
g#2 110.02 1.94 35.51 1.70 246.55 545.01 (X31 499.25
mean 110.06 1.83 33.27 2.55 227.96 529.06 0.33 472.86
ĵ/1 210.42 1.45 42.CB 6.51 69.44 415.93 (X59 545.91
j#2 2M.73 2.61 62.62 7.17 1%.33 563.22 0.50 799.47
mean 249.58 2.03 52.35 6.84 87.89 489.58 (%54 672.69
tb#l 99.98 1.04 19.30 3.30 183.27 205.66 0.33 318.67
tb//2 100.00 1.01 20.50 2.40 118.50 163.70 0.28 346.55
mean M.99 1.02 19.90 2.85 150.88 184.68 0.30 332.61
"Oxidizable phase'’ (potassium chlorate-HCL)
ws#l 49.81 1.25 57.48 4.68 369.50 512.85 8&J8 354.12
ws//2 59.58 1.75 56.90 4.07 418.37 565.94 8^^9 442.95
mean 54.70 1.50 57.19 4.38 393.93 539.39 m.i9 398.54
dc//l 29.99 1.25 16.70 1.50 406.82 511.70 108.13 184.35
dc#2 19.89 0.06 14.02 1.69 367.44 427.01 103.61 206.04
mean 24.94 0.65 15.36 1.60 387.13 469.35 105.87 195.19
sdl#l 29.86 1.78 22^0 3.58 384.23 677.09 118.07 206.99
sdl#2 29.86 1.61 23.19 5.08 424.15 632.29 118.06 226.28
mean 29.86 1.70 22.99 4.33 4M.19 654.69 118.06 216.63
g//l 30.02 3.97 16.01 4.20 399.62 576.46 97J2 232.21
g#2 30.01 2.10 16.50 3.80 410.68 495.40 102.00 220.80
mean 30.02 3.04 16.26 4.00 405.15 535.93 99^& 226.50
j//l 50.10 4.88 44.49 7.11 7m.22 502.71 110.76 545.12
j//2 49.78 4.81 45.10 6.37 72L33 624.55 ]%L39 558.68
mean 49.94 4.84 W.80 6.74 714.77 563.63 118.58 551.90
tb//l 20.00 1.78 8.70 1.40 285.65 600.89 %^22 113.79
tb//2 20.00 1.69 8.90 2.40 301.90 492.40 87^8 104.60
mean 20.00 1.73 8.80 L90 293.77 546.65 84.90 109.19
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
116
Appendix 2 Table A continued.
A1 As Ca cd Cu Fe K Ng
"Residual phase" (HF-aqua regia)
(Al,Ca,Fe,Mg,Na,P,Si,: wt. %)
ws//l 5.81 ND 1.76 <1.1 15 1.47 ND 0.54 301
ws//2 5.61 ND 1.64 <1.1 16 1.47 ND 0.51 320
mean 5.76 ND 1.71 <1.1 16 1.49 ND 0.53 313
dc//l 6.72 ND 1.89 <1.1 14 1.92 ND 0.48 270
sdl//l 6.90 ND 1.77 <1.1 16 2.43 ND 0.55 40
sdl//2 6.85 ND 1.78 <1.1 15 2.34 ND 0.55 326
mean 6.92 ND 1.79 <1.1 15 2L40 ND 0.56 334
6.48 ND 1.70 <1.1 13 1.68 ND 0.43 277
g#2 6.61 ND 1.70 <1.1 12 1.72 ND 0.49 287
mean 6.57 ND 1.71 <1.1 13 1.71 ND 0.46 283
m 6.23 ND 1.02 <1.1 19 2.43 ND 0.72 303
j#2 6.29 ND 0.97 <1.1 18 2.45 ND 0.73 309
mean 6.27 ND 1.00 <1.1 18 2.44 ND 0.73 307
tb#l 4.99 ND (̂ 92 <1.1 7 1.02 ND 0.32 134
tb//2 5.17 ND 0.98 <1.1 7 1.03 ND 0.34 134
mean 5.11 ND 0.95 <1.1 7 1.03 ND 0.34 135
Total metal concentrations (HF-aqua regia)
(Al,Ga,Fe,Hg,Na,P,Si,: wt. %)
ws 5.39 ND 2.87 2.5 413 2.67 ND (X70 950
do 6.68 ND 2.47 1.5 324 2.59 ND 0.58 1313
sdl 6.75 ND 2.23 1.7 330 3.03 ND 0.64 1380
g 6.77 ND 2.40 2.1 341 2.59 ND 0.66 781
j 5.78 ND 3.62 6.0 839 3.14 ND 0.93 925
tb 5J0 ND 1.68 <1.1 149 1.48 ND 0.48 381
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Appendix 2 Thble A continued.
Na Ni Pb Sb Si Ti Zn
"Residual phase" (HF-aqua regia)
ws//l 1.44 8 58 ND 0.01 25.79 1624 66
ws//2 1.43 10 55 ND 0.00 M.85 1484 60
mean 1.45 9 57 ND 0.01 25.55 1568 63
dc//l 1.88 10 42 ND 0.01 24.22 2264 48
sdl//l 1.80 12 50 ND 0.01 25.C8 2791 58
sdl//2 1.79 11 37 ND 0.00 28.52 2740 58
mean 1.81 12 44 ND 0,01 27.01 2786 58
g//l 1.70 12 48 ND 0.01 25.57 2434 48
g#2 1.78 10 38 ND 0.01 25.38 2494 45
mean 1.75 11 44 ND 0.01 25.58 2473 47
1.03 17 45 ND 0.02 24.33 3135 92
j#2 1.09 17 47 ND 0.02 24.73 3218 97
mean 1.06 17 46 ND 0.02 24.58 3182 94
tb//l 1.20 8 23 ND 0.01 26.47 1538 28
tb//2 1.19 9 18 ND 0.00 36.30 1540 21
mean 1.20 9 21 ND 0.00 30.62 1550 25
Total metal concentrations (HF-aqua regia)
ws
dc
sdl
g
j
tb
1.25 12 116 ND 0.05 26.35 1510 708
1.65 12 85 ND 0.06 30.68 2449 570
1.56 15 98 ND 0.07 26.66 2968 561
1.60 16 88 ND 0.08 31.84 2682 742
0.89 24 133 ND 0.10 19.85 2913 1291
1.10 12 45 ND 0.05 32.22 1569 398
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1987 samples, (ug/g, d=duplicate).
118
A1 As Ca Cd Cu Fe K Mg Mn
"Reducible phase" (acetic acld-hydroxylamlne hydrochloride)
Sample: ws
>300 urn 387.30 22.SK 14482.13 0.97 195.10 3359.55 3^^3 980.34 341.92
>300(d) 394.68 :U.82 15131.10 1.12 330.11 3462.22 89.25 880.40 444.99
mean 390.99 22.39 14806.62 1.04 262.60 3410.89 64.59 930.37 393.46
300-63 415.67 23.98 13847.12 1.43 231.28 3785.37 129.90 1237.81 574.0763-38 543.07 37.80 20527.45 3.19 279.11 5401.73 159.14 1383.93 1850.92
38-17 996.09 79.35 42453.98 11.85 326.78 11838.50 390.63 2348.88 8135.89
<17 1778.59 71.23 40006.31 29.51 452.27 19840.46 468.05 2860.30 8418.72
Sample: dc
>300 urn 495.89 57.10 16884.89 4.00 275.60 5779.80 310.56 940.99 2178.90
300-63 305.40 ZL72 4881.99 0.88 124.15 2134.22 98.83 371.71 698.93
300-63(d) 302.07 24.EW 5079.59 0.90 117.30 2058.23 198.73 394.28 671.58
mean 303.73 24.28 4980.79 0.89 1%1V2 2096.22 148.78 383.00 685.26
63-38 372.57 38.64 24727.31 2.64 161.24 2945.30 128.81 827.69 1825.19
38-17 577.43 61J6 36247.24 6.00 146.76 4652.94 301.27 1317.53 3923.46
<17 876.12 60.94 18966.33 9.85 208.45 5659.74 599.40 1457.94 4245.73
Sample: sdl
>300 urn 362.81 45.60 4596.35 0.40 230.39 3019.73 168.52 359.64 996.14
300-63 346.83 34.08 5608.36 1.06 1&X92 2473.34 150.36 452.99 743.20
63-38 322.32 26.03 14620.62 1.30 147.28 2104.50 160.16 601.30 827.05
38-17 373.75 39.CB 18863.83 1.86 128.90 2860.22 511.02 953.41 1398.72
<17 796. W 95.54 11481.09 7.23 452.77 6217.75 388.14 1244.13 3176.67
Sample: g
>300 urn 390.13 26.87 8481.09 1.71 212.81 4083.90 139.33 479.70 633.83
300-63 398.48 12.01 3252.70 0.68 121.68 2050.96 100.12 282.44 179.79
300-63(d) 387.38 9.98 3276.66 0.69 115.33 1956.37 149.76 278.85 174.30
mean 392.93 11.00 3264.68 0.68 118.50 2003.67 124.94 280.65 177.04
63-38 449.72 17.03 8601.66 1.41 158.96 2372.20 170.27 567.11 197.11
38-17 574.76 38. Ü3 10154.54 3.42 244.90 4869.88 251.21 862.44 304.34
<17 1037.66 73.12 8014.52 13.79 342.09 13911.86 410.66 1164.26 850.52
Sample: j
300-63 urn 315.61 18.92 19279.57 2.46 100.13 3164.38 278.77 786.24 267.19
300-63(d) 320.72 18.92 19784.96 2.38 101.75 3237.25 239.04 815.74 279.94
mean 318.16 18.92 19532.27 2.42 10&94 3200.81 258.91 800.99 273.57
63-38 333.00 18.94 30652.64 2.70 66.26 2984.45 199.40 955.33 403.46
38-17 383.00 21.00 31364.20 3.10 65.32 3060.20 260.00 1089.90 516.76
<17 731.76 35.CB 21024.36 7.58 124.46 4635.22 461.11 1390.84 798.17
Sample: tb
142.52 103.29>300 urn 144.90 5.95 1458.81 BD 38.78 885.77 29.77
>300(d) 142.63 8.04 1710.93 BD 35.44 876.46 lO.CW 149.26 101.81
mean 143.76 7.00 1584.87 BD 37.11 881.11 19.91 145.89 102^5
300-63 236.91 9.95 7627.71 0.56 45JK 1174.10 49.77 522.99 110.76
63-38 2#.33 7.04 24097.65 1.05 46.67 1512.97 110.62 9V2.45 231.77
38-17 332.12 14.18 27372.01 2.44 56.83 2306.10 192.39 1298.30 395.58
<17 677.35 30.CK 19230.96 9.00 110.70 4391.28 320.64 1538.38 1285.54
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Na Ni Pb Sb P SI Tl Zn
’'Reducible phase" (acetic acid-hydroxylanine hydrochloride)
Sample: ws 
>300 urn 149.73 1.32 22^& 5.69 90.34 460.27 1.25 327.20
>300(d) 148.75 1.42 26.18 4.76 88.26 492.07 1.30 351.69
mean 149.24 1.37 24.52 5u22 89.30 476.17 1.27 339.44300-63 149.88 1.32 25.28 6.29 115.11 474.22 1.71 352.3863-38 268.55 2.78 33J? 6.47 13&15 676.55 1.46 582.82
38-17 769.04 7.43 73.73 13.67 347.17 1576.29 1.76 1717.29
<17 396.83 11.91 148.96 14.35 364.16 2560.24 2.30 3216.14
Sample: dc 
>300 urn 210.38 4.04 64.42 6.41 159.39 1144.26 0.71 898.58
300-63 79.07 0.90 27.67 ND 237.10 403.14 0.33 271.27
300-63(d) 99.36 1.25 27.03 2.88 207.97 393.78 0.45 267.58
mean 89.22 1.08 27.35 1.44 222.54 398.46 0.39 269.42
63-38 267.54 2.12 4ŒA3 6.24 140.71 588.68 0.57 518.81
38-17 331.39 4.57 78.03 11.45 iæ.79 921.67 0.72 1015.95
<17 229.77 12.09 119.08 17.<% 19Z^1 1128.77 0.81 1461.24
Sample: sdl 
>300 un 128.87 2.65 69X# 4.36 221.45 755.75 0.48 345.11
300-63 100.24 1.58 38.69 3.01 312.85 477.45 0.36 307.38
63-38 170.17 1.34 32.63 2.20 190.29 443.74 0.44 312.85
38-17 300.60 2.31 5&.80 13.25 163.53 715.53 0.72 471.78
<17 199.04 6.02 138.54 4.68 32L56 1261.64 0.51 1172.91
Sample: g 
>300 urn 199.04 2.72 55.83 ND 227.71 784.24 0.61 651.14
300-63 70.08 1.33 25.53 ND 409.09 589.91 0.27 317.53
30O-63(d) 79.87 1.27 25J6 1.00 386.58 521.87 0.34 309.80
mean 74.98 1.30 25.45 0.50 397.84 555.89 0.30 313.67
63-38 140.22 1.22 30.65 1.70 298.38 615.69 0.44 397.15
38-17 231.11 2.64 64.71 0.30 242.36 736.13 0.43 749.18
<17 260.42 8.26 167.17 5.71 304.39 1639.92 0.60 2279.29
Sample: j 
300-63 urn 228.99 7.83 31.26 4.38 91.50 405.42 0.77 584.70
300-63(d) 239.04 8.30 31.47 4.18 93.23 421.61 0.76 615.84
mean 234.02 8.06 31.37 4.28 92.36 413.51 0.76 600.27
63-38 309.07 25.12 39.CW 6.08 92.42 436.29 0.97 744.12
38-17 350.00 27.45 47.10 5.80 113.40 478.70 0.88 633.28
<17 310.75 57.69 &L53 7.42 139.53 901.06 0.82 1253.92
Sample: tb 
>300 urn 29.77 1.02 12.21 0.50 124.35 128.62 0.40 160.41
>300(d) 40.18 1.10 14.16 1.10 187.53 132.99 0.42 143.74
mean 34.98 1.06 13.18 0.80 155.94 130.80 0.41 152.08
300-63 89.59 1.20 15.13 5.47 208.64 241.79 0.48 271.55
63-38 231.30 0.94 18.10 6.34 87.6# 270.11 0.55 350.84
38-17 364.52 2.26 42.43 8.00 131.63 425.68 0.68 569.83
<17 270.54 5.20 99.40 lO.f# 189.48 931.36 0.82 1435.41
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A l A s C a C d C u F e  K Mg Mn
"Oxldlzable phase" 
Sample; ws 
>300 urn 1122.98
(potassium chlorate-HCL) 
45.92 1355.96 0.31 76.79 6876.32 ND 911.86 52.84>300(d) 990.68 49.58 1266.76 0.41 93.26 5592.92 ND 83^^7 46.52
mean 1056.83 47.75 1311.36 (%36 85.02 6234.62 ND 8%L41 49.68
300-63 805.36 47.96 2391.39 0.89 149.68 8026.68 ND 1394.58 69.06
63-38 1344.74 86.53 4623.33 2.34 512.63 15998.01 ND 2058.58 225.13
38-17 1958.01 196.53 5087.04 3.06 1519.90 15008.06 ND 2764.65 445.75
<17 4349.82 413.11 5263.74 3.73 0.10 26124.14 ND 4555.15 1035.59
Sample: dc 
>300 urn 2323.18 66.12 2182.93 (X52 998.35 8675.82 ND 1672.21 227.69
300-63 775.85 12.85 945.44 0.32 71.98 3495.75 ND 535.98 79.40
300-63(d) 697.54 10.93 837.84 0.44 69.56 2779.11 ND 460.35 81.10
mean 736.69 11.89 891.64 0.38 70.77 3137.43 ND 498.16 80.25
63-38 1071.15 22.79 3377.72 CL81 290.34 4343.84 ND 767.54 158.03
3&4V 1236.19 40.17 2718.82 1.01 735.46 4199.24 ND 728.06 207.25
<17 3061.94 77.92 2702.40 1.80 1744.68 6257.24 ND 1352.25 491.58
Sample; sdl 
>300 urn 1554.32 45.60 465.01 -0.04 133.26 5836.14 ND 1147.11 98.56
300-63 1196.87 22X5 771.85 0.41 99.50 4011.93 ND 850.44 121.92
63-38 1424.42 31.03 3409.31 0.95 232.91 5019.22 ND 945.75 173.00
38-17 1969.94 52.10 3683.17 1.18 497.30 5701.40 ND 1203.51 223.88
<17 3424.56 79.62 2141.42 2.27 1308.65 7888.93 ND 1755.27 510.78
Sample; g 
>300 urn 1983.48 31.85 1575.04 0.05 313.03 6901.77 ND 1584.10 99X3
300-63 887.06 11.01 7æ.35 0.22 67.39 3308.77 ND 693.73 65X2
300-63(d) 923.52 12.98 817.39 0.30 79.95 3381.09 ND 711.96 58.30
mean 905.29 12X0 802.87 0.26 73.67 3344.93 ND 702.85 61.66
63-38 1441.31 33.05 3183.09 1.07 269.46 4972.96 ND 994.59 148.63
38-17 2161.37 79.38 3669.31 2.15 825.49 6848.27 ND 1345.76 172.89
<17 3571.71 115.18 1967.85 3.89 1802.41 9922.48 ND 1649.64 204.16
Sample: j 
300-63 urn 1919.55 9.96 2892.17 0.54 284.54 4443.95 ND 1499.20 75.91
300-63(d) 2053.78 lO.SK 2836.95 0.42 289.bO 4926.89 ND 1619.62 80.94
mean 1986.67 10.46 2864.56 0.48 286.82 4685.42 ND 1559.41 7&A2
63-38 1990.03 17.95 3683.05 1.01 477.84 4299.60 ND 1436.69 92X6
38-17 2226.00 35X0 3924.50 1.50 656.94 5305.70 ND 1432.30 110.77
<17 3415.20 45.11 3560.45 2.41 1170.82 6267.84 ND 1656.68 152.33
Sample: tb 
>300 urn 448.59 3.97 273.42 0.17 38.57 2024.41 ND 330.49 16.61
>300(d) 495.18 4.02 390.72 0.03 48.29 19æ.72 ND 350.24 16X&
mean 471.88 3.99 332.07 0.10 43.43 2002.56 ND 340.36 16.79
300-63 930.72 1.99 991.24 0.26 50.55 2345.51 ND 844.91 38.64
63-38 1281.17 8.05 3024.24 0.21 135.98 2768.00 ND 1165.73 99.07
38-17 1413.53 20.25 2931.15 0.69 309.35 3044.55 ND 975.60 Bh.48
<17 3077.15 39X8 2650.60 1.63 742.29 5058.12 ND 1391.28 177.23
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Appendix 2 ïhble B 
Na
continued.
Ni Pb Sb P Si Ti Zn
"Oxldlzable phase" 
Sample; ws 
>300 urn 29.95
(potass iiirr 
6.27
1chlorate-HCL) 
28.45 1.30 285.39 508.38 111.77 120.46
>300(d) 29.75 1.45 28.CK 2.18 276.68 407.28 101.05 153.29
mean 29.85 3.86 28.26 1.74 281.03 457.83 106.41 136.88
300-63 49.96 1.51 53.06 4.30 332.13 327.54 69.80 348.21
63-38 109.41 3.52 102.05 8.16 1199.62 643.03 109.89 922.22
38-17 134.28 21.11 123.78 11.96 1412.72 990.60 112.85 998.79
<17 315.43 14.23 474.26 13.43 1788.26 754.38 147.18 1019.34
Sanple: dc 
>300 urn 50.09 3.50 66.32 6.51 475.06 714.49 320.53 335.78
300-63 19.77 0.96 10.77 3.85 259.64 524.41 76.17 142.14
300-63(d) 19.87 1.53 9.24 3.48 232.31 403.02 63.10 158.74
mean 19.82 1.24 10.01 3.67 245.97 463.72 69^a 150.44
63-38 49.54 1.78 21.80 7.63 1007.53 639.81 7&J5 269.82
38-17 40.17 2.71 44.99 11.65 690.50 418.46 &L12 358.46
<17 59.94 5.17 122.48 44.66 905.79 498.00 74.39 584.21
Sanple: sdl 
>300 urn 19.83 3.06 29.04 7.14 267.64 549.17 234.21 102.15
300-63 10.02 2.32 20.65 4.41 304.03 717.12 96.54 199.12
63-38 40.04 2.75 24.52 5.11 1238.84 649.15 86.22 374.50
38-17 50.10 3.48 45.09 7.21 1084.47 896.59 93.17 489.41
<17 39.81 6.46 129.58 10.15 561.11 800.76 111.05 605.71
Sample: g 
>300 urn 39.81 3.95 38.52 6.77 427.65 596.14 317.21 245.13
300-63 20.02 3.10 11.71 3.00 210.75 370.44 67.CW 172.01
300-63(d) 19.97 2.50 11.88 3.29 202.18 416.83 6&J8 193.48
mean 20.00 :L80 11.80 3.15 206.46 393.64 6A71 182.74
63-38 50.08 3.28 18.63 4.91 1157.55 693.91 75.42 471.17
38-17 60.29 4.89 51.05 8.24 1193.83 600.18 96J2 750.18
<17 60.10 6.77 157.15 7.81 978.17 626.90 110.91 1016.33
Sample: j 
300-63 urn 59.74 6.17 18.82 5.28 536.24 479.29 107.35 226.56
300-63(d) 39.84 5.36 %.72 6.87 517.73 534.86 121.45 228.78
mean 49.79 5.77 19.77 6.07 526.98 507.08 114.40 227.67
63-38 59.82 9.08 26.02 8.97 600.20 523.43 95.34 415.23
38-17 70.00 10.73 34.70 10.70 751.80 556.30 99.94 514.51
<17 50.12 18.23 76.68 32.CB 655.17 649.46 94.12 744.74
Sample: t±> 
>300 urn 9.92 2.16 3.37 2.08 115.92 139.34 3̂ ,22 32.52
>300(d) 10.04 1.77 4.32 2.61 158.50 176.18 3&J5 35.46
mean 9.98 1.97 3.85 2.35 137.21 157.76 3̂ .99 33.99
300-63 19.91 2.12 4.28 4.08 197.49 274.84 63.98 72.11
63-38 40.23 2.51 7.94 6.13 727.07 467.42 76J4 135.72
38-17 40.50 2.55 21.87 11.44 638.21 332.42 73.71 254.05
<17 50.10 4.72 66.(0 20.44 648.80 504.51 96.59 615.36
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Appendix 2 %ble B continued.
A1 As Ca Cd Cu Fe K Ng Nn
"Residual phase" (HF-aqua regia)
(Al,Ca,Fe,Mg,Na,P,Si,; wt. % 
Sample: ws
>300 urn 5.55 ND 1.21
)
<1.1 14 0.67 ND 0.30 130
>300(d) 5.34 ND 1.14 <1.1 14 0.68 ND 0.29 118
mean 5.44 ND 1.18 <1.1 14 (b67 ND 0.30 124
300-63 5.12 ND 1.42 <1.1 17 1.07 ND 0.42 236
63-38 4.68 ND 1.58 <1.1 23 2.25 ND (X75 577
38-17 3.67 ND 0.74 <1.1 26 1.54 ND 0.57 409
<17 5.17 ND 0.30 <1.1 170 2.49 ND (%95 294
Sanple; dc 
>300 urn 5.56 ND 0.80 <1.1 31 2.40 ND 0.77 327
300-63 6.13 ND 1.77 <1.1 10 1.63 ND 0.40 231
63-38 4.94 ND 0.31 <1.1 56 2.56 ND 0.78 249
38-17 5.69 ND 1.20 <1.1 27 2.65 ND 0.81 421
<17 4.94 ND 0.31 <1.1 56 2.56 ND 0.78 249
Sample: sdl 
>300 urn 6.26 ND 1.10 <1.1 14 1.21 ND (X37 133
300-63 6.68 ND 1.71 <1.1 16 1.84 ND 0.50 279
63-38 6.19 ND 1.83 <1.1 23 2.71 ND 0.71 459
38-17 6.29 ND 1,22 <1.1 28 2.81 ND 0.73 395
<17 7.33 ND 0.29 <1.1 54 4.06 ND 0.93 275
Sample: g 
>300 urn 6.79 ND 1.22 <1.1 20 1.79 ND 0.65 265
300-63 7.67 ND 2.18 <1.1 16 2.02 ND 0.53 321
300-63(d) 7.66 ND 2.16 <1.1 15 2.01 ND 0.52 324
mean 7.67 ND 2.17 <1.1 16 2.01 ND 0.52 323
63-38 7.01 2.16 <1.1 17 2.81 ND CL87 526
38-17 7.27 ND 1.61 <1.1 27 3.02 ND 0.94 505
<17 4.92 ND 0.21 <1.1 38 2.62 ND (b72 192
Sample: j 
300-63 urn 5.52 ND 1.30 <1.1 13 2.06 ND 0.55 294
300-63(d) 5.72 ND 1.35 <1.1 14 2.14 ND 0.60 319
mean 5.62 ND 1.32 <1.1 13 2.10 ND 0.58 306
63-38 5.64 ND 1.20 <1.1 17 2.08 ND 0.68 303
38-17 5.60 ND 1.04 <1.1 21 2.16 ND CL65 305
<17 5.93 ND 0.45 <1.1 35 2.85 ND 0.81 240
Sample: tb 
>300 urn 4.26 ND 0.50 <1.1 4 0.65 ND 0.19 71
>300(d) 4.38 ND 0.48 <1.1 5 0.66 æ 0.21 67
mean 4.32 ND (%49 <1.1 5 0.65 ND (%20 69
300-63 4.92 ND 0.99 <1.1 6 1.03 ND 0.36 140
63-38 3.46 ND (X59 <L1 7 1.17 ND 0.30 178
38-17 4.80 ND 0.66 <1.1 19 1.59 ND 0.51 213
<17 5.67 ND 0.33 <1.1 36 2.47 ND 0.73 191
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Appendix 2 Table B continued. 123
Na Ni Pb 
"Residual phase" (HF-aqua regia) 
(Al,Ca,Fe,Mg,Na,P,Si,: wt. %) 
Sanple: ws
Sb Si Ti Zn
>300 urn 1.54 9 35 ND 0.00 29.CB 859 40
>300(d) 1.42 8 61 ND 0.01 25.57 893 47
mean 1.48 8 48 ND 0.01 27.33 876 44
300-63 1.28 10 82 ND 0.01 25.15 1340 63
63-38 1.20 16 110 ND 0.01 29.CM 2611 120
38-17 0.76 10 79 ND CNOl 16.93 2172 126
<17 0.30 21 86 ND (X09 21.71 2282 539
Sample: dc 
>300 um 1.10 14 37 ND 0.01 29.69 3633 93
300-63 1.69 7 41 ND 0.01 25.85 1921 40
63-38 0.34 13 72 ND 0.07 19.98 2459 277
38-17 1.07 10 56 ND 0.03 30.41 3414 125
<17 0.34 13 72 M) 0.07 19.98 2459 277
Sample: sdl 
>300 um 1.68 17 33 ND 0.00 3%74 1819 42
300-63 1.72 10 49 ND 0.00 27.44 2263 54
63-38 1.62 21 61 ND 0.01 3L33 3677 87
38-17 1.28 19 66 ND 0.02 %%63 3805 106
<17 0.49 44 65 ND 0.04 25.65 3754 248
Saiiple: g 
>300 um 1.53 11 30 ND 0.00 31.50 2779 68
300-63 1.96 25 43 ND 0.01 32.45 2733 93
300-63(d) 1.98 14 56 ND 0.00 32.55 2868 83
mean 1.97 19 49 HD 0.01 32.5) 2800 88
63-38 1.66 14 64 ND 0.01 32.18 4175 84
38-17 1.37 18 80 ND 0.02 32.62 4359 129
<17 0.28 16 43 ND 0.03 14.83 2316 169
Sample: j 
300-63 um 1.24 16 29 ND 0.01 28.79 2657 64
300-63(d) 1.27 14 40 ND 0.01 28.77 2715 61
mean 1.26 15 34 ND 0.01 28.78 2686 62
63-38 1.11 17 48 ND 0.01 28.61 2609 84
38-17 1.00 19 58 ND 0.02 28.92 2999 101
<17 0.51 20 56 ND 0.04 21/W 3013 164
Sanple: tb 
>300 um 1.10 10 14 ND 0.00 26.79 944 14
>300(d) 1.13 6 11 ND 0.01 27.52 913 15
mean 1.12 8 12 ND 0.01 27.15 929 15
300-63 1.29 7 11 ND 0.00 28.71 1415 25
63-38 0.91 9 16 ND 0.00 18.74 1952 31
38-17 1.09 11 20 ND 0.01 33.58 2560 57
<17 0.52 15 25 ND 0.05 23.44 2768 186
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appendix III - QUALITY CONTROL DATA
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Appendix 3 Table A. Limits of Detection (ug/g) 125
(3*s reagent blank concentration).
A1 As Ca Cd Cu Fe K %  Mn
"Reducible phase" (acetic acid-hydroxylamine hydrochloride)
1.51 5.38 0.61 0.37 0.11 0.32 34.74 2.14 0.05
"CKidizable phase” (potassium chlorate-HCl)
4.67 1.76 1.85 0.36 0.15 1.15 ND 6,39 0.07
HF-aqua regia total digestion
20 8 <20 1.2 1 <20 0.08 20 <1
Appendix 3 Ihble B. Results of Analysis of NBS 1645 (River Sediment) and 1646 
(Estuarine sediment) (uc=uncertified, *^t. %).
NBS values:
NBS 1645 2.26* 66 2.9* 10.2 109 11.3* 1.26* 0.74* 785
95 % Cl 0.04 uc uc 1.5 19 1.2 0.05 0.02 97
Results:
MEAN 1.98 ND 2.6 8.6 111 10.4 1.21 0.58 752
%REC 87.74 ND 88.5 83.8 102 91.9 96.19 78.54 96
2*s
(n=15)
0.67 ND 1.0 1.3 12 1.1 0.25 0.23 90
NBS values:
NBS 1646 6.25 11.7 0.83 0.36 18 3.35 1.4 1.09 375
95 % Cl 0.2 1.3 0.03 0.07 3 0.1 uc 0.08 20
Results:
MEAN 5.80 ND 0.78 0.18 16 3.45 2.5 1.01 363
%REC 92.85 ND 94.07 49.97 89 102.87 178.3 92.50 97
2*s 0.77 ND 0.26 1.38 8 0.33 4.7 0.20 43
(n=12)
Appendix 3 Table C. Prepared 10 ppm extraction standard. 
"Reducible phase" (acetic acld-hydroxylanlne hydrochloride)
MEAN 9.32 9.75 10.35 9.99 9.76 10.39 8.89 10.19 9.94
%REC 93.19 97.47 103.50 99.93 97.61 103.93 88.87 101.94 99.36
2*s 4.27 4.97 8.13 6.34 2.95 3.29 15.43 7.04 5.76
"Qxidizable phase" (potassium chlorate-HCl)
MEAN 9.27 9.99 9.39 10.21 10.11 10.24 ND 9.90 9.89
%REC 92.72 99.88 93.93 102.10 101.07 102.40 ND 98.99 98.89
2*s 8.37 5.41 34.72 6.73 4.10 4.97 ND 3.69 5.26
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Appendix 3 Table A continued•
te Ni Pb Sb P Si Ti Zn
3.28 0.71 2.66 8.24 8.82 1.75 0.09 0.51
6.98 0.75 3.18 2.81 5.28 5.97 0.3 0.09
40 3.3 8 14 40 1070 1 1
Appendix 3 Table B continued.
0.54* 45.8 714 51 0.051* ND 17200.01 2.9 28 uc 0.001 uc uc 170
0.55 . 49.9 651 137 0.047 20.30 561.47 1669102.31 108.9 91 268 91.744 ND ND 97
0.04 6.7 121 99 0.006 6.58 61.07 191
2 32 28.2 0.4 0.054 31 5100 138
uc 3 1.8 uc 0.005 uc uc 6
2.0 35 39.3 24.4 0.053 24 3902 126
98.1 108 139.3 6102.0 98.732 76 77 92
0.3 6 24.0 22.2 0.002 8 408 37
Appendix 3 Table C continued.
9.82 9.81 10.29 9.78 10.08 10.53 9.82 10.13
98.20 98.11 102.87 97.84 100.78 105.30 98.23 101.25
6.57 6.37 8.09 4.45 4.75 8.19 3.05 5.78
9.80 9.86 10.28 9.86 30.31 10.79 9.83 10.18
97.97 98.60 102.82 98.56 103.08 107.92 98.31 101.77
4.16 5.91 6.40 5.90 4.95 9.15 4.16 6.56
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